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ON THE SHELF— 


ARNOLD CORES 
IN WAREHOUSE STOCK 
FOR IMMEDIATE DELIVERY 


Let us handle your inventory prob- 
lems and save you time and money 
on your magnetic core requirements. 

Extensive stocks of four types 
of Arnold cores in the most popu- 
lar sizes have been set up in our 
Marengo, Illinois and Fullerton, 
Calif. plants. Subject of course to 
temporary exhaustion of stock by 
prior sales, these cores will be 
shipped the same day on orders re- 
ceived at the warehouse by 12:00 
noon. When cores are out of stock 
at the nearest plant, we may be 
able to ship within 24 hours from 


the other. 

Arnold core products covered 
by this warehouse stock program 
include: 1) Silectron C, E and O 
cores in 2, 4 and 12-mil tape. 2) 
Type 6T aluminum-cased cores of 
Deltamax, Square Permalloy and 
Supermalloy, in 1, 2 and 4-mil 
tape. 3) Mo-Permalloy powder 
cores, both temperature-stabilized 
and unstabilized types, ranging 
down to “‘cheerio”’ sizes. 4) Iron 
powder toroids, threaded cores 
and insert cores. 

All four products are available 
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in a wide range of selection, for 
your convenience and economy in 
ordering either prototype design 
lots or regular production quan- 
tities. + Stock lists, bulletins, etc. 
are available—write for informa- 
tion. The Arnold Engineering 
Company, Marengo, IIl. 
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ADDRESS DEPT. EM-5 
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SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 
CITIES © Find them FAST in the YELLOW PAGES 
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The all-new Hughes High Frequency Memo-scope® 
Oscilloscope saves you time and money in transient 

analysis. With its 10 mc bandpass and one million inches 
per second writing speed, it can store fleeting phenomena 
for an indefinite period of time. It displays these 
non-recurring transients for thorough study until intentionally 
erased. In this way, you can eliminate expensive ‘hit or 
miss" methods of transient analysis. 


This is the on/y measuring instrument that can give you 
stored response at these fast writing speeds! 


An added benefit: you can also use this unique new 
instrument as a precision laboratory oscilloscope. Thus, you 
get two precision instruments for the price of one. 


SPECIFICATIONS: 


CONVENTIONAL MODE: STORAGE MODE: 
@ DC to 10 mc Band Pass (All features of Conventional Mode, 


@ Sweep Range: 0.1 uw secs/division; PLUS:) 
5X Magnifier for speeds to .02 u ® One million inches per sec Writing 
secs/division; Speed 
Multiplier for sweeps long as 10 ® Unlimited Storage Time 
— @ Fast Erase (less than 150 millisecs) 
g@ X-Y Plotting 
@ Single Shot Trigger 


@ Photograph or Trace Directly Off 
@ Electron Beam Position Indicators Scope Face 


@ Rise Time: 35 nanoseconds 
@ Built-in Delay Line (0.25 uw secs) 
w Numerous Trigger Selections 


@ Plug-in Preamplifiers 


Learn more about the new CREATING A NEW WORLD WITH ELECTRONICS 
High Frequency Memo- 
scope Oscilloscope—its 
applications, operating 


characteristics, and ! HUGHES 
! 
| 


principle of operation. 


Write today for a free 

illustrated brochure. No 

obligation, of course. HUGHES AIRCRAFT COMPANY 
INDUSTRIAL SYSTEMS DIVISION 


Memo-scope Oscilloscope 

Hughes Industrial Systems Division 
P.O. Box 90904 

Los Angeles 45, California 


O Please send me a copy of your 8-page brochure 
O Please arrange for an in-plant demonstration. 
Name iS 

Conmpany i. 

Address_ 


City 
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Bodine Motors Give You ADE (After Delivery Economies) 
Here’s another example 


“BODINE MOTORS aasily meet 
our high standards for quality” 


says Mr. Joseph Konkel 
Chief Mechanical Engineer 
Anelex Corporation 
Boston, Massachusetts 


‘The reputation and reliability of our Anelex 

Print Station is due entirely to our insistence upon 
quality . . . a specification easily met by Bodine, 
and a requirement we'll not sacrifice at any cost. 
We've always used Bodine Motors. Their efh- 
ciency, among other characteristics, is outstanding. 
And Bodine’s wide range of standard motors lets 
us select the proper motor for a particular operation 


without need for costly special modifications.’ 





Workhorse of the electronic data processing industry isthe and scientific computers. In this Anelex model, two 
Anelex high speed Print Station which translates com- small Bodine capacitor motors drive paper feed and 
puter language into usable form. It has set the industry _ print roll mechanisms, a type KCI gearmotor operates 
standard for reliabilicy and has been designed into the the ribbon drive. 

systems of nineteen major manufacturers of commercial 


F3 C) e | ‘ al Bodine motors actually cost less when you figure final-costs be- 

cause: (1) Closely-held tolerances and uniformity of Bodine motors 
minimize installation cost. (2) Reject rates are low. (3) Bodine 
motors almost never require field servicing. (4) High, consistent 


clade aK 


ae ae performance of Bodine motors helps your product earn customer 
satisfaction and repeat sales. Want more details? ... ask for 
Bulletin S-2A. 


Bodine Electric Co., 2506 West Bradley Place, Chicago 18, Illinois 
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A completely new kind of circuitry that 
projects conductor ends into the third 
dimension or past the edge of its plastic 
support is now available. Developed pri- 
marily for miniaturized air/ missile elec- 
tronics, INTERCON eliminates hand-wir- 
ing techniques for either welded or 
soldered high-density wiring—the pro- 
jecting ‘‘tabs’’ are integral conductor 
leads which can be directly joined to 
component leads, connector pins, or 
panel wiring by welding, tweezer sol- 
dering or dip-soldering. 

INTERCON tabs also provide the easi- 
est and most reliable method for inter- 
connecting multiple layers of circuitry. 
In a typical assembly, tabs from each 
layer are brought out to the top surface 
for connection to component leads or to 
tabs from other layers. 

We would be pleased to explore with 
you the use of INTERCON circuits in 


miniaturized applications. 


RES Ol Re me 





write to: 


AMPHENOL-BORG ELECTRONICS CORPORATION 


PACKAGED ELECTRONICS DIVISION 
2863 South 25th Avenue, Broadview, Illinois 
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Ask your Rea man about versatile PoLy-THERMALEZE ...for 155 C operation! 


He’ll describe an improved polyester magnet wire that offers increased resistance to 
abrasion, solvents and heat shock . . . while retaining vital moisture resistance charac- 
teristics. Rea PoLy-THERMALEZE* is a Class F (155°C) polyester-film, insulated wire 
available at the cost of standard Class A (105°C) magnet wires. Thus, it is applicable 
to either Class A (105°C), Class B (130°C) or Class F (155°C) electrical apparatus. 
Rea PoLy-THERMALEZE embodies an unusually good combination of physical, chemi- 
cai, thermal and electrical characteristics. And it’s available in the famous ReaPak® Co d 
: a ; jpper an 
container or standard spools and reels. Call your Rea man today—or write to us in Aluminum Magnet Wire, 
Fort Wayne for samples and more information. *Licensed by Phelps-Dodge Copper Products Corp. All Insulations 


REA MAGNET WIRE COMPANY, INC. - Division of Aluminum Company of America « Dept. 1931-E Fort Wayne, Indiana » TWX: FW187 
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Design Considerations Your Classification: 


Cost Factors 
Reliability 
Strength and Weight Factors 


Dollar Trade-Offs in Systems Design 
Involve Total Engineering 


A systematic method is outlined for trading off eleven design 
and development system-parameters against each other in terms 
of “equivalent dollar” penalties and values. The technique de- 
scribed uses value equations and dollar trade-off (DTO) co- 
efficients in developing a system, design concept, end product 
or subassembly for maximum cost effectiveness. Examples are 
given in the design of electronic structural modules. 


D. B. Ehrenpreis, Consulting Engineer, New York, N. Y. 


Electro-Technology 1961 May p 78 7 pp 


Systems Your Classification: 


Control Systems, General 
Computing Machines 
Design and Applications 


* Simplifying Switching Circuits 
with Boolean Algebra 


Using basic Boolean algebra principles, some special tech- 
niques are presented for simplifying circuit complexity and 
eliminating unnecessary hardware. Deals specifically with the 
use of a transistor NAND as a universal connective block. 


G. A. Maley, International Business Machines Corp., Pough- 
keepsie, N. Y. 


Electro-Technology 1961 May p 101 6 pp 


Components, Electrical /Electronic Your Classification: 


Magnetic Components 
Computing Machines 


* Designing Electronic Transformers 
on a Digital Computer 


To demonstrate the iterative procedures used to optimize the 
design of small electronic transformers within limits of over- 
all performance, the computer programming for a single-sec- 
ondary transformer in the range of 4 to 3230 va core rating is 
detailed. Modifications of the program for designing rectifier- 
plate transformers and linear inductors are also described. 


Reuben ‘Lee, Westinghouse Electric Corp., Baltimore, Md. 


Electro-Technology 1961 May p 147 7 pp 


Materials, Electrical /Electronic Your Classification: 


Semiconductor Materials 


Organic Semiconductors— 
A Research Report 


\ factual review of basic research work in the field of organic 
semiconductor materials and their potentialities in practical 
electronic devices. Conductivity data for certain experimental 
compounds are included. 


Herbert A. Pohl, The Plastics Laboratory, Princeton Univer 
sity, Princeton, N. J. 


Electro-Technology 1961 May p 85 5 pp 


Basic Science & Engineering Your Ciassification: 


Design Considerations 
Human Factors 


* Engineering Psychology and 
Human Factors in Design 


Engineering psychology is considered as a primary experi- 
mental research arm of human-factors engineering. Fund- 
amental areas of the subject are discussed with relevance to 
equipment and systems-design parameters. The basic concept 
is that of the man-machine-environment interactions and the 
ultimate reliability of system performance. 


Members of the Research Staff, Dunlap and Associates, Inc., 
Stamford, Conn., and Alex. E. Javitz, Special Features Editor, 
ELECTRO-TECHNOLOGY. 
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Components, Electrical /Electronic Your Classification: 


Magnetic Components 


Design of a Magnetic Voltage Stabilizer 


The principles of operation of the magnetic voltage stabilizer 
are related. Design details with a specific example are included. 


S. Lindena, Northridge, Calif. 
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¢ Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


Reprints available—see pages 180 and 182 


For your copy of the ELECTRO-TECHNOLOGY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Test and Measurement 


Your Classification: 
Environmental 


Shock/Vibration Testing 
Gains Speed and Precision 
1. The MB Electronics Spectrum 
Analyzer 
2. Calibration of Shock/Vibration 
Pickups 
\ new instrument for rapid and complete vibration spectrum 


analysis is described, and the various accepted methods of 
shock and vibration test pickup calibration are compared. 


R. Boynton, MB Electronics Div. of Textron Electronics, Inc., 
New Haven, Conn., and R. R. Bouche, Endevco Corp., Pasa- 


dena, Calif. 
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Systems 
Control Systems, General 
Computing Machines 
Design and Applications 


Your Classification: 


* Control-System Analysis by 


Analog Simulation 


Presents fundamentals of analog computation and its use in 
simulating feedback control systems. Simulation is used in 
the basic design procedure to eliminate costly experimentation 
with hardware. 


W. E. Sollecito, General Electric Co., Schenectady, N. Y. 


Electro-Technology 1961 May p 131 5 pp 


RESEARCH HORIZONS this month... 


Progress in oxide dielectric films for capacitors and new areas 
in fundamental and applied research in epoxy-resin compounds 
highlight Electrochemical Society’s insulation sessions. . 
Low-temperature gallium alloys find important bonding ap- 
plications. . . . Neuron network simulation is examined. 


The Technology of Thin-Film Dielectrics and Epoxy 


Electronic Devices in Simulation of Neuron 
Networks ........ee00% 


Gallium Alloys for Low-Temperature Bonding in 
Electronic Devices 
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Design Considerations 
Reliability 


Your Classification: 


The Word is RELIABILITY 


Engineers and others professionally involved in the various 
activities in which the principles of “reliability” are important 
were asked for comments on three questions. The propositions 
were selected to demonstrate the wide spectrum of interests 
spanned by “reliability,” and the consequent variety of opinion. 
Not a panel discussion or symposium, the article stresses in- 
formal personal views. 


Staff Report. 


Electro-Technology 1961 May p 94 7 pp 


Materials, Electrical/Electronic Your Classification: 


Materials, Mechanical /Structural 


* The Design Analysis of Materials 


The intrinsic design value of materials can be determined only 
by an analysis of a number of interrelated and interdependent 
factors, among them: inherent properties, effect of fabrication 
processing, effect of form and configuration, influence of re- 
search, influence of test methods, and cost relationships. Prin- 
ciples of design analysis are examined and examples of ap- 
plication are given. 


Alex. E. Javitz, Special Features Editor, and Harold E. Barkan, 
Associate Editor, ELectro-TECHNOLOGY. 
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COMING UP... 


Planned for the June issue are the following articles: Vectors 
and Tensors (Science & Engineering Series), Characteris- 
ties of Rectifier Cells, Part 1 of a two-part article on Elee- 
trochemical Energy Sources, a staff report on the Westing- 
house Machine Tool Forum, Tantalum (Metals Series), 
Effects of Corona on Mylar Tapes, Derating of Compon- 
ents, Critical Evaluation of Microcircuits, Three-Phase 
Transformer Design, and Part 4 in the current series on 
Extended Surfaces for Heat Transfer—Optimal Shapes 
for Longitudinal Fins and Radial Fins of Hyperbolic 
Profile. 
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U.S. EVERSEAL 


Protects against heat...water...chemicals 


U.S. EversEaL resin-encapsulated windings are completely protected 
against severe environments: Heat, cold, vibration, acids, gases (even in 
high concentrations), lye, potash, ammonia, caustic soda, salt, abrasives, 
carbon black, graphic dusts, and many other conditions that formerly 
meant short motor life. In many applications, EversEaL provides the pro- 
tection of totally-enclosed motors while stil] maintaining the higher service 
factor of open motors. U.S. Motors developed a way of molding without 
excessive thickness. Fully molded U.S. EverseaL complete encapsulation 
is available on any U.S. motor, % h.p. to 125 h.p. On higher horse- 
power motors, U.S. offers EversEav silicone rubber insulation. Request 
free EverseEat literature. 


U.S. ELECTRICAL MOTORS INC. 
P.O. Box 2058 « Los Angeles 54, California or Milford, Connecticut 
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protection! 


Note complete coverage 
and protection provided 
by molded end-turn 
construction. 





RESEARCH Horizons 


Edited by Atex. E. Javirz, Special Features Editor 


Associate Editor for This Issue: 


Haroitp E. BarKAN 


The Technology of Thin-Film Dielectrics and Epoxy Resins 


Latest advances in thin-film technology, with emphasis on silicon 

monoxide, silicon dioxide, magnesium fluoride, lanthanum fluoride, 

cerium fluoride, cerium dioxide, zinc sulfide and tantalum oxide films. 

New research progress in epoxy resins in various environments and 
measurement of properties of new resins. 


PROGRESS IN THE evolution of oxide 
dielectric films was reported by the 
more advanced research organizations 
throughout the country at the annual 
meeting of the Electrical Insulation 
Division of the Electrochemical Society 
in Indianapolis May 1, 1961. Also, 
emphasizing the importance of epoxy 
resins as an insulating material, more 
than half the papers presented studies 
on properties and applications of these 
materials. Abstracts of the highlight 
papers are presented in this report. 


Dielectric Properties of 
Evaporated-Film Capacitors 


F. S. MADDOCKS and R. E. THUN 

Federal Systems Div., Command Control 
Center 

INTERNATIONAL Bustness Macuines Corp. 

Kingston, N. Y. 


In this paper, the preparation of film 
capacitors by evaporation is described, 
utilizing the following dielectric ma- 
terials: silicon monoxide, silicon di- 
oxide, magnesium fluoride, lanthanum 
fluoride, cerium fluoride, cerium di- 
oxide, and zinc sulfide. The dielectric 
constants and loss tangents of these 
materials are presented as functions 
of deposition parameters, and the con- 
tribution of the lead- and condenser- 
plate losses to the apparent loss tan- 
gents is shown. The necessary evapo- 
ration conditions are discussed for 
optimizing the dielectric properties of 
the chosen insulator material. For 
cerium fluoride, a deposition method 
consisting essentially of a controlled 
partial decomposition is described, 
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yielding dielectric constants up _ to 
e/e, == 300 without an undue increase 
in the capacitor losses. 


Electrolytic Oxide Films 


Cc. C. HOUTZ 
BELL TELEPHONE LABORATORIES 


Murray Hill, N. J. 


The increasing economic importance of 
other metals in the electrolytic capaci- 
tor field has renewed interest in the 
fundamental properties of anodic ox- 
ides. A considerable amount of recent 
work covers the determination of thick- 
ness, dielectric constant and electrical 
resistivity of these films. The intro- 
duction of the diode-capacitor with 
voltage-sensitive properties and the 
solid electrolytic capacitor have ad- 
ditionally increased interest in the 
interface, which is the seat of the di- 
electric; it appears that, in both cases, 
there is a p-n junction whose proper- 
ties are not yet well understood. Recent 
work in the above areas is discussed 
from the point of view of properties 
of films. 


Electric Properties of 
Evaporated Thin-Film SiO Capacitors 


D. B. YORK 

Federal Systems Div., Command Control 
Center 

INTERNATIONAL Business MACHINES Corp. 

Kingston, N. Y. 


The absorption coefficient and trans- 
mission of vacuum-deposited films of 
SiO were used as a measure of the 
reproducibility of the composition of 


the resulting films. The composition 
of the films can he reproduced by 
controlling the evaporation rate and 
partial pressure of oxygen. Repro- 
ducibility of composition does not 
insure reproducible electrical proper- 
ties since the surface condition of 
the electrode material greatly affects 
the electrical properties. 


Physical and Dielectric Propertics ot 
Thin-Film SiO2 Capacitors 


J. A. MINAHAN, J. L. SPRAGUE and 


0. J. WIED 
SpracuE Erectric CoMPANyY 
North Adams, Mass. 


Thin-film capacitors, using SiO. as the 
dielectric material, have been prepared 
by the thermal oxidation of silicon. 
The physical and optical character- 
istics of the oxide dielectric are given 
and the permittivity and loss tangent 
of the capacitors are shown as func- 
tions of a-c frequency and d-c bias. 
The dielectric properties are seen to 
be functions of the conductivity type 
and resistivity of the substrate silicon. 


Charge Storage Effects in 
Tantalum Oxide Films 
RUDOLF DREINER 
Spracue Evectric Company 
North Adams, Mass. 


A description is given of polarization 
effects which have been observed on 
anodic oxide films of tantalum in an 
electrolyte when the previously anodi- 
cally charged film is discharged. The 
discharge current decreases with time 
according to an inverse time law; 
illumination temporarily decreases and 
then increases its magnitude. Illumi- 
nation also affects the residual voltage 
which arises when the discharge is 
interrupted by imposing open-circuit 
conditions. 

(Continued on next page) 
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The Physical and Electrical Properties of 
Epoxy Resins as a Function of Chemical 
Composition 


C. L. SEGAL 
Hucues Research LABORATORIES 
Culver City, Calif. 


The coefficient of thermal expansion, 
compressive strength, tensile strength, 
and infrared spectra of two different 
epoxy resins were determined as a 
function of the stoichiometric ratio of 
the hardener (either an aromatic 
amine or an aromatic anhydride) to 
the base resin. The resin-hardener 
systems which yielded the best physical 
data were then further subjected to 
moisture conditioning at 96 per cent 
relative humidity and also to heat 
aging. The changes in dielectric con- 
stant and loss factors were recorded, 
along with any changes in structure 
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as shown by infrared spectra. This 
investigation should do much toward 
determining the relative merit of 
anhydride-epoxy and amine-epoxy 
electrical insulations. 


The Preparation of Silicone-Epoxy Resins 
and their Properties in Glass Cloth 
Laminates 


S. A. BRADY 
Dow Corninc CorPoRATION 
Midland, Michigan 


Procedures have been developed for 
copolymerizing silicone and epoxy 
resins to give new and different 
laminating resins. The procedure calls 
for reaction of the silicone and epoxy 
resins at elevated temperatures in the 
presence of a solvent and a third 
reactant. 

The resulting silicone-epoxy resin 
gives relatively high structural strengths 
measured by flexural strength in low- 
pressure glass-cloth laminates. This 
strength is maintained, and in many 
cases increased, after long-term heat 
aging at 500 F. 

The nature of the silicone-epoxy resin 
is dependent on the type and amount 
of silicone present. At high silicone 
content, additional strength has been 
coupled with the good moisture and 
electrical properties of the silicone. At 
high epoxy content, better heat-age 
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properties have been added to the 
high strength of the epoxy. 


The Effects of Radiation on the 
Electrical Properties of Epoxy Resins 


J. W. KALLANDER 
U. S. Navat Researcn LasoraTory 
Washington 25, D.C. 


Considerations of the usage of epoxy 
resins to cement solar cells to satellite 
skins has resulted in the need for 
knowledge concerning the effects of 
high-energy radiation on the electrical 
properties of epoxy resins. Therefore, 
measurements of the effects of high- 
energy radiation on the electrical 
properties of an epoxy adhesive have 
been made. These measurements in- 
clude volume resistivity, capacitance, 
and dissipation factor as function of 
dosage. They lead to various results, 
including the conclusion that the 
volume resistivity, the most critical 
property from the standpoint of the 
space application, undergoes a very 
rapid degradation followed by a stable 
plateau. 


Acknowledgement: Thanks are extended 
to the officers of the Electrical Insulation 
Division of the Electrochemical Society for 
permission to describe the papers delivered 
at the meeting in advance of their presen- 
tation. 


Electronic Devices in Simulation of Neuron Networks 


THE CONSTRUCTION of an artificial network 
consisting of many neurons or nerve cells 
through use of electronic circuitry may be 
possible. This belief is based on the many 
similarities existing between the behavior 
of neurons and the characteristics of binary 
electronic circuits such as multivibrators. 
(1, 2)* With the acceptance of the “All 
or None” law as applied to neurons, and 
with the measurement of the refractory 
period (that period of time during which 
a neuron must remain inactive in order 
to recover from an initial impulse), the 
binary circuit appears to be an ideal simu- 
lation for the neuron. An example of this 
simulation is shown in Fig. 1. 

The conduction of the binary circuit is 
analogous to the passing of an impulse by 
the axon of the neuron. Although the 
neuron transmission is believed to be elec- 
trochemical, it is quite similar to the pass- 
ing of a current through capacitor C in the 
binary circuit configuration. Also, since the 
binary circuit has a certain period of time 
during which it will not pass a new im- 
pulse, it can be spoken of as having a re- 
fractory period. It is possible to design a 
binary circuit to produce pulses almost 
identical in form to those produced in the 
neuron. The only characteristic of the elec- 
tronic simulation of the axon waveshape 





*Italic mumerals in parentheses refer to Cited 
References at end of article. 
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that may be considered unfaithful is the 
amplitude of the output-wave shape. The 
neuron amplitude has been measured at 
almost 0.05 volts, while the binary cir- 
cuit usually is designed to produce an 
output of greater than three volts. But this 
need not be considered a problem since, 
through attenuation, an output pulse may 
be produced with an amplitude of 0.05 
volts and, as is common in core-memory 
sense amplifiers, the level of this pulse 
may be raised to greater than three volts 
for input to the next binary circuit. Re- 
cent work has indicated that a magnetic 
core may be used in place of the binary 


Dendrites 







Axon 


Cell body Fi 





_—_ 
Impulse 









Monostable 
binary circuit 


Input ond 


2Output 


(b) 


Fig. 1— Similarity between (a) neuron 
(nerve cell) and (b) binary electronic 
circuit in functionality. 


circuit of Fig. 1(b). Also, if (in certain 
instances) the magnetic core does not 
switch fast enough for a satisfactory simu- 
lation, a thin-film storage device may be 
used in its place (3). 


Some Network Simulations 


Figure 2 shows a simulation of two 
neurons by means of two electronic cir- 
cuits. (1) The synapse in Fig. 2(a) is a 
space between neurons that provides a 
high resistance to impulses traveling from 
the axon of neuron | to the dendrites of 
neuron 2. If the impulses are of low magni- 
tude and frequency, the synapse will block 


Synapse >—< 


impulse Impulse 
(a) 
R 
cs Binary Owe Binary 
circuit circuit 
(b) 


Fig. 2—Simulation of two neurons in 
series by two electronic circuits: (a): two 
neurons with a synapse; (b) two-neuron 
analog. 
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the transmission to the next neuron. In this 
way, the human body is naturally buffered 
from many impulses of low level which, if 
allowed to pass unattenuated from neuron 
to neuron, would constantly bombard the 
higher sensory areas and induce _never- 
ending sensations. Figure 2(b) shows an 
electronic analog with a resistor simulation 
for the synapse. 

Many reactions taking place in the 
numan body are simple “reflex-arc” re- 
actions, involving the spinal cord but not 
the brain. These reactions usually are con- 
trolled by a sensory neuron, a connector 
neuron, and a motor neuron, with the 
sensory neuron taking the impulse from 
a receptor (sensitive cell or tissue) to a 
connector neuron (usually located within 
the spinal cord), and the motor neuron 
taking the impulse from a connector neuron 
to an effector (a muscle or gland which 
produces the response). Figure 3(a) is 
a simplified diagram of this configuration, 
with a pressure-sensitive tissue acting as 
the receptor and a muscle acting as the 
effector. Figure 3(b) is an_ electronic 
analog of Fig. 3(a). A pressure trans- 
ducer acts as the receptor, binary circuits 
(B.C.) take the place of the neurons, and 
a relay produces the action that would 
normally be expected of the muscle. 

It has also been observed that some 
neurons have many dendrite branches 
capable of receiving impulses from the 
axons of several other neurons. The simu- 
lation of a multi-dendrited neuron, into 
which an impulse can flow from any one 
of several connecting neuron axons, is 
accomplished through the use of an or gate 
circuit, a configuration commonly used in 
computers; AND gate configurations are 
also a likely brain-nerve simulation. An- 
other possibility is a multi-axoned neuron 
which can conduct an impulse to several 
other neurons. This would appear to have 
a direct electronic analog in the use of an 
amplifier at the output of the first binary 
circuit (representing the multi-axoned 
neuron). 


Brain-Nerve Simulation 


From the foregoing, it is not unusual 
to find physiologists speaking of how to 
go about building electronic simulations 
for large networks of neurons} and even 
of how to construct analogs of part, if 
not all, of the human brain. Some neurol- 
ogists feel that there might be a “one-to- 
one” correspondence between the number 
of neurons in the human brain and the 
number of binary circuits required for 
an electronic simulation. 

Recent work (5) has shown that the 
conduction of impulses in neurons may 
not be as simple as had been previously 
believed. This work indicates that there 
may be, in addition to “All or None”-law 
neuron activity, a type of linear, graded 
neuron conduction in certain neurons in the 
learning centers of vertebrates. The prob- 
lem of brain-neuron simulation would then 
appear to be a very different one from that 
envisioned by neurologists in the past. The 
relatively simple binary circuit can no longer 
be looked on as the answer to electronic 
analogs for all neurons. (6) In the opinion 
of the author, this work indicates that we 
+A project is now underway, sponsored by the 


USAF Wright Air Development Division, with this 
end result in view. (4). 
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Fig. 3 — Simulation of a nerve-system function by a series of electronic circuits: (a) 
reflex-arc neurons; (b) reflex-arc simulation. 


are closer to a possible brain-neuron simu- 
lation, at least in the light of the number 
of electronic elements involved in the 
simulation. 

It may be indicated that a generalized 
representation of the neuron must be 
constructed, in which case the approximate 
number of electronic components might be 
increased by a factor of two. This factor- 
of-two increase would be in the light of 
even more severe criteria than those out- 
lined previously (5), with the belief that 
the neuron under question would either 
obey the “All or None” law or have a 
graded potential which might be present 
all of the time. The factor-of-two simulation 
presupposes a general case in which the 
neuron has both an “All or None” type of 
impulse and a sub-threshold graded poten- 
tial. Figure 4 shows the axon voltage level 
vs the voltage input from the previous 
neuron, e. An input voltage <e, pro- 
duces an axon voltage which is propor- 
tional to the input voltage. An input 
voltage >e, produces an “All or None”- 
type axon voltage, V;. The electronic 
simulation for this response is shown in 
Fig. 5. The output or gate circuit will 
provide an output from the linear ampli- 
fier, which is responsive to inputs <e,, 
or from the binary circuit, which is re- 
sponsive to inputs =e,. 

Equation (1) indicates this relationship: 


Vaxon = Ke (la) 
where e <e, 


Vesca - V; (1b) 


where e = e, and where K is a constant. 

It should be apparent that, although a 
refractory period is associated with Eq 
(lb), no refractory period exists in the 
case of Eq (la). This presents an inter- 
esting situation. It has long been observed 
that impulses travel in synchronous waves 
throughout many of the brain nerves. These 
waves are caused by the refractory period 
and since, very often, many impulses begin 
at the same sensory neurons and later pass 
through branches and out through groups 
of like neurons, they have the same re- 
fractory period and thus travel in a 
synchronized fashion. (7) In this way, the 
brain is believed to function as a syn- 
chronous computer in which logical neuron 
operations occur at discrete intervals. But 
if we are to find that many neurons have 
the function of Eq (la) and thereby have 
no refractory period, then these neurons 
will have no intervals of impulse (followed 
by refractory periods) and, therefore, no 
waves. If this is the case, the theory of 


the brain as a synchronous computer may 
no longer be completely correct and, 
though the operation may be for the most 
part synchronous, the action of the neurons 
of the foregoing equation must be ac- 
counted for. The result may then be a mul- 
titude of asynchronous-to-synchronous con- 
verters, and the like. This may well be 
the situation, as the brain (through its 
period of complex development) may have 
found that certain thought processes are 
more efficiently performed asynchronously 
—much as the computer designer has dis- 
covered a like situation in the case of 
some arithmetic operations. While there 
is no evidence of this being the case, such 
a conclusion follows directly from the pre- 
ceding discussion. 

Another possibility is that these asyn- 
chronous neurons have no asynchronous-to- 
synchronous converters, so that their im- 
pulses bombard the synchronous neurons 
and are completely out of phase with 
them. If this is the case, the asychronous 
neurons act in much the same manner 
as “noise” in electronic circuitry, thus 
actually inhibiting the proper functioning 
of the synchronous neurons and, in so 
doing, serve no useful purpose. In this 
case, the brain might function more effi- 
ciently without them. 

A third possibility is that the outputs 
of the asynchronous neurons have no ties 
with the synchronous neurons. Here, there 
might be two separate systems operating 


Axon voltage (output) 
A: 


Input voitage,e 


Fig. 4 — Neuron axon voltage. 


Linear 
amplifier 


Output 


Fig. 5 — Electronic simulation for neuron 
in Fig. 4. 
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independently of each other and _ con- 
trolling functions. 

However, the synapse might not, in it- 
self, be the only site of resistance to im- 
pulses present in the neuron. These other 
sites of resistance may be located in the 
neuron itself. While this situation may 


separate 


Research Note 


prove to be a problem in electronic nerve 
analogs, no evidence is presented to in- 
dicate this. 


LT. PHILIP I. HERSHBERG 
Arr Force CAMBRIDGE RESEARCH LABs 
Bedford, Massachusetts 
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Gallium Alloys for Low-Temperature Bonding in 


RESEARCH BY THE National Bureau of 
Standards electron devices laboratory first 
indicated that the physical and electrical 
properties of the gallium-based alloys (see 
accompanying table) make them 


useful in low-temperature bonding applica- 


would 


tions with electronic devices. Because the 


heat required in soldering operations is 
often sufficient to damage delicate elec- 
tronic components, gallium alloys were 


employed to make the necessary connec- 
tions, and proved entirely successful. These 
alloys are soft when mixed at room tem- 


Properties of Several Gallium Alloys* 


perature, but resist temperatures up to 
900 C after hardening. 

As an example, a gold-gallium-tin alloy 
was used to attach thermocouples to power 
transistors. Small holes were drilled in the 
transistor to receive the wires. Fine wires. 
0.01 to 0.03 in. diam, were then inserted 
in the holes, and the alloy was packed in 
with tamping tools. After a period of 
hardening, the connection was ready for 
use. (It should be noted that wires that 
react with gallium, such as gold, cannot 
be fastened by this process as they become 
brittle and snap.) 





Approx. 

hardening 

Composition times at 

per cent by weight) | 25 C,> hr 

1. 44 Cu + 24 Sn, 32 Ga 24 

2. 50 Cu + 18 Sn, 32 Ga 24 
3. 66 Cu 34 Ga a 
4. 82 Au + 18 Ga 5 
5. 66 Au + 34 Ga 8 
6. 59 Au 41 Ga 8 
7. 33 Au + 33 Cu + 33 Ga 8 
8. 49 Au + 21 Ag + 30 Ga 2 
9. 65 Ni + 35 Ga 48 


10. 52 Ag + 48 Ga 3 


M 


t 
a 


| 


aximum 
useful 
emper- 
ture in 
air,° Expansion coefficients 
deg C and remarks 
650 a 23.7 X 10-*/deg C after 
heating 
700 | a = 23.1 10-*/deg C after 
| heating 
900 | a = 19.5 X 10-*/deg C after 
heating 
450 — 
525 a = (15 0.0127)10-*/deg C 
475 
650 
425 
250 Becomes a black powdery mass 
above this temperature. 
900 | Contracts while hardening. 


11. Au, Ag, Co, Cu, Ni, Sn | These metals and possibly many others may be added in 


varying amounts to the gallium alloys to change the 
setup time and/or the thermal expansion. 





* All of these alloys, except No. 10, expand as they harden, thus locking themselves into the semiconductor cavity. 


> These values assume a particle size to pass thre 


vugh 
longer. Setup times at higher temperatures will be considerably less 


~300 mesh screen. Larger particle sizes may take 
Five or ten minutes will usually suffice 


at 200 C. At this temperature, the Au-Ga mixture produces an exothermic reaction. 


© The actual melting point is about 25 C higher than the temperatures given in this 


column. These temperatures 


are reproducible only to +15 C because some of the fine metal powder usually sticks to the mortar or is not 


properly wet by the gallium. 
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Electronic Devices 


Various combinations of gallium with 
copper, gold, nickel and silver were pre- 
pared and tested in the research program. 
Tin was added to several of the gallium- 
copper alloys, where it acted to delay the 
initial set. Practical batches as small as 
0.1 gram were prepared, which was suf- 
ficient to attach several electrodes to a 
surface. It was also found that unused 
portions of gallium-gold alloys could be 
preserved for later use if refrigerated be- 
fore hardening had occurred. 

Expansion tests on various gallium alloys 
indicated that as much as 10 per cent ex- 
pansion may occur during hardening. This 
expansion is not of critical importance, 
however, as the soft-packed metal will gen- 
erally compress itself rather than damage 
the material in which it is imbedded. The 
addition of aluminum oxide to gallium- 
gold alloys resulted in better bonding in 
cavities of barium titanate, perhaps by re- 
ducing the thermal expansion of the mix- 
ture. 

The alloys can also be used to cold- 
solder various materials. This process once 
again offers the advantages of low-temper- 
ature formation and_ high-temperature 
strength. Pieces to be fastened together are 
positioned with a layer of alloy sandwiched 
between, and pressure is applied until the 
alloy has hardened. If no reaction occurs 
between the alloy and the materials being 
joined, the bond is purely mechanical; the 
bond strength then depends upon the 
roughness of the surfaces involved. With 
some materials, such as copper, a reaction 
may occur between the alloy and the 
pieces being joined, resulting in a stronger 
bond. 

By using higher formation-temperatures, 
cold soldering may be extended to include 
a wide variety of metals and alloys. For 
example, a finely-powdered mixture of 
indium and gold could be placed between 
the surfaces to be joined, and the whole 
assembly heated until the indium melts. At 
this temperature an alloy would be formed 
with the gold which, after hardening under 
pressure, would form a joint that can with- 
stand a much higher temperature than the 
indium metal alone. This cold-soldering 
phase of the initial investigation is being 
studied further for increased bonding ap- 
plications in electronic design. O00 
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‘offers 
new and expanding opportunities 


at Dayton, Ohio 


in MILITARY AND COMMERCIAL 
RESEARCH AND DEVELOPMENT 


@ Electronic Engineers 

@ Component Engineers 

@ Semiconductor Research Physicists 
@ Solid State Physicists 


SOME OF THE IMMEDIATE OPENINGS 


SCIENTIFIC AND TECHNICAL MANAGER: PhD and 10 years’ experi- 
ence in Air to Ground Comm. and Digital Data Processing 
Systems. 


PROJECT ENGINEER—SYSTEM FUNCTIONAL: MSEE and 5-7 years’ 
experience design of military electronic equipment with 
some experience in logic design, electronic packaging, and 
test equipment design. 


PROJECT ENGINEER — AIRBORNE EQUIPMENT DESIGN: MSEE and 
5-7 years’ experience in design of airborne military equip- 
ment of comm. and digital type crystal oscillator and crys- 
tal filter experience desired. 


PROJECT ENGINEER—RELIABILITY: BSEE and 5-7 years’ experi- 
ence with reliability techniques applied to military elec- 
tronic equipment. 


SENIOR ENGINEER — SUBCONTRACT LIAISON: BSEE and 3-5 
years’ experience procurement of electronic equipment, 
contracts, and specifications. 


Locic ENGINEER: BSEE and 3-5 years’ experience in design 
of logic systems in digital data processing equipment. 


COMMUNICATIONS ENGINEER: BSEE with 3-5 years’ com- 
munications experience specializing in long distance propa- 
gation techniques with particular emphasis on solutions 
to multipath effects in the high frequency range. 


CIRCUIT DESIGN ENGINEER: BSEE and 3-5 years’ experience 
in design and development of solid state digital circuitry. 
Must have experience in circuit design for reliable opera- 


THE NATIONAL CASH REGISTER COMPANY, 


@ Digital Circuit & Logic Designers 
@ Test Equipment Engineers 


@ Electronic Systems Engineers 


@ Technical Writers 


tion under worst case conditions. Background in airborne 
and ground support test equipment desired. 


TEST ENGINEER — ENVIRONMENTAL: BSEE 2-3 years’ experi- 
ence planning and performing environmental tests on 
military electronic equipment. 


ENGINEERING SPECIALIST: BS and 3-5 years’ experience in 
preparation of technical reports and documents. Must have 
good working knowledge of electronic equipment. 


FILTER DESIGN ENGINEER: BSEE and 3-5 years’ experience in 
design and development of bandpass filter networks. 


COMPONENT ENGINEERS: BSEE and 3-5 years’ experience in 
specifications and testing components for reliability de- 
termination in military environments. 

FABRICATION MANAGER: BSEFE plus 5-7 years’ experience in 


fabrication of military electronic equipment including some 
subcontract liaison and supervisory experience. 


MECHANICAL ENGINEER: BSME plus 3-5 years’ experience in 
layout of electronic assemblies and shock mounting. 


For these and other professional level opportunities in chal- 
lenging areas of work, write to: 


YLT are 


T. F. Wade, Techni- 
cal Placement G-12, 
The National Cash 
Register Company, 
Dayton 9, Ohio 


DAYTON 9, OHIO 


ONE OF THE WORLD’S MOST SUCCESSFUL CORPORATIONS 


77 YEARS OF HELPING BUSINESS SAVE MONEY 
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.... puts hidden value in the 
metal you buy from Miller 


One piece of brass or bronze strip or copper-alloy tube looks 
pretty much like any other. But metal from Miller has a hidden 
value ... put there by the skilled technicians in Miller’s modern 
metallurgical lab. Your metal is tested and checked at each step 
of production. The people at Miller take a personal interest in 
making sure your metal meets your specifications—precisely. 
And the result is cost-cutting, reject-reducing quality in every 
pound of metal you buy from Miller... where you’re a name, 


not just a number on the job ticket. 


ROLLING MILL Tube Subsidiary 
DIVISION A. H. WELLS, INC. 


Meriden, Connecticut Waterbury, Connecticut 


: ine 
Your metal’s exact ductility properties, To meet specifications precisely, Rock- Exhaustive tests on all incoming mate- 
yield strength and tensile strength are well tests are performed on samples of rials and on metals throughout produc- 


determined by precision equipment. all metal produced at Miller. tion puts top quality in every pound 
of Miller metal. 


This electrolysis board, with its platinum anodes and cathodes, helps 
Miller lab technicians make exacting chemical analysis of your metal. 
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THESE RUGGED 
JOHNSON VARIABLES 
PRE RIECL La aii 


TUL 


Ceramic-soldered 


for greater 


i 
1 
| 
strength! 
i 


These ceramic-soldered Johnson Type 
“L”” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct- 
ly to the heavy %%" thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose... 
capacity can’t fluctuate. 


SPECIFICATIONS 
Plate spacing is .030” 
rated at 1500 volts 
peck at sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel . . . other 
platings available on 
special order. Requires 
1%"x1%" panel mount- 
ing area. 





SINGLE 


@ For complete infor- 
mation on Johnson Type 
“L" Air Variables or 
other quality Johnson 
components—write for 
your free copy of our 
newest catalog today! 
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A Step Forward in 
Materials Education 


With notable 
engineering colleges still fail to include 
in their curricula core courses in ma- 
terials that 
contemporary developments in science 
and technology. To quote from a private 
communication from Professor Charles 
R. Vail, Chairman, Department of Elec- 
trical Engineering, Duke University: 
“As of 
generally are doing an excellent job 
and funda- 
mental technology of generating, trans- 


some exceptions, most 


are commensurate with 


now, engineering schools 


of presenting the theory 


mitting, and processing both energy 
and information. There is great need 


for a correspondingly good treatment 
of the science and technology of engi- 
neering materials. For electrical engi- 
neers, at least, the mechanics 
of materials approach which is found 
in most engineering curricula must be 
modified, if not replaced, by a ground- 
ing in the microscopic view of materials 
which is provided by the solid-state 
physicist and the physical chemist.” 

Much can be done by professional 
and industry rectify this 
situation. In the field of electrical insu- 
lation, a positive step has been taken 
by the AIEE-NEMA Electrical Insula- 
tion Conference through the establish- 
ment of a standing Committee on Edu- 
cation. Within the larger framework 
of education in the total field of ma- 
terials, this Committee will have the 
responsibility of: 

a. formulating 
introduction of 
insulation and dielectrics in appropriate 
educational institutions 

b. distributing 


present 


groups to 


for the 
electrical 


approaches 
courses in 


Conference publica- 


tions to engineering colleges and 
special libraries 
c. sponsoring the preparation and 


publication of appropriate textbooks 
and monographs 

d. providing means and obtaining 
sponsorship for scholarships related to 
specific problem areas, and 

e. investigating the possibility of 
setting up visiting professorships. 

The Committee on Education will 
consist of representatives of (a) gov- 
ernment research, (b) industry research 
and (c) education. The chairman will 
be an educator—that is, one Who is 


_ . 
i , itu Re addael 


actively engaged in teaching in an en- 
gineering college. The current respon- 
sibility of organizing the Committee has 
been given to the Vice-Chairman and 
Acting Chairman Alex. E.  Javitz 
(Special Features Editor, Evecrno- 
TECHNOLOGY). He would welcome cor- 
respondence from any interested reader. 


Typo! 

Thanks to the acuity of N. Zlokich of 
the Admiral Corporation, we are aware 
of a typographical error in our April 
issue. In the article, “A Procedure for 
the Design of Bias Net- 
works,” on page 99, in the example in 


Transistor 
the lower right-hand corner, the value 
of Vy, at 0 C should be 0.192 instead 
of 0.912. 
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Man as an organic component in machine 
systems is symbolized in this month’s 
cover design by staff artist Jan Van Eerde. 
The human receptors (such as the eye 
and ear), the central nervous system, and 
the effector organs (such as the hand 
and foot) all constitute the human com- 
ponent in the continuous operation of a 
man-machine-environment system. The 
fundamental principles of human factors 
in systems design are discussed in terms 
of engineering psychology in this month’s 
Science & Engineering article starting on 
page 107. 
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EASY INSTALLATION on a standard operator is pos- 
sible because blocks are interchangeable. Two cap- 
tive screws fit into internally threaded screwheads 
of previous unit to hold block assemblies securely. 


NEW 


Shallow Contact Blocks for 
General Electric Heavy Duty 
Oil-tight Push Buttons 


Actual size 


® BUY ONLY THE CIRCUITS YOU NEED 

® CONTROL UP TO 8 CIRCUITS IN ANY 
COMBINATION OF NO-NC 

® SAVE BACK-OF-PANEL SPACE 


It is no longer necessary to pay for unused circuits in oil-tight 
push buttons. And you are no longer limited to a maximum of 
four normally open—four normally closed circuits. 

General Electric’s new shallow contact block offers you the 
savings and flexibility of “single-circuit” design. Separate normally 
open and normally closed blocks are available and up to eight 
blocks may be mounted with a standard operator. You can buy 
only the circuits you need in any combination—even eight NO or 
eight NC. 


Nearly one inch shorter than conventional contact blocks, the new 
shallow block saves important back-of-panel space. Four blocks 
(four separate circuits) take up no more back-of-panel depth 
than a conventional two-circuit block. 

Shallow contact blocks are designed for use with standard 
General Electric oil-tight operators. Since the new block is offered 
in addition to G.E.’s standard block, and is interchangeable with 
it, you now get even greater flexibility with the G-E oil-tight push- 
button line. 

Call your nearby G-E Sales Engineer for more information, or 
write for publication GEA-7320 to Sect. 811-24, General Electric 
Co., Schenectady, N. Y. 


You get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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You get MORE THAN A MOTOR with General Electric’s Form G... for example... 


Expert Motor Application 





Are you taking advantage of all the 
motor knowledge available to you? A 
phone call will bring a General Electric 
application engineer to help solve your 
motor application problems. He’s not 
only an expert on G-E Form G fhp 
motors, but in all phases of applying 
them. He can bring years of motor ex- 
perience and knowledge to bear for you. 
Why not try him? 

In addition to expert application as- 
sistance, you get these MORE THAN A 


MOTOR benefits with General Electric 
Form G motors: Years-ahead Design 
Leadership . .. Versatility Personified 
.. . Ease of Assembly . . . On-time De- 
livery ... Fast, Local Service. 

You receive these added values at no 
extra cost. So why settle for less? 

Form G fhp motors are available in 
NEMA 48 and 56 frames. For more in- 
formation, call your G-E Sales Engineer 
or write to Section 721-07, General 
Electric Co., Schenectady 5, New York. 


THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATILITY—Both solid and resilent 
cradle bases permit rotation of Form G motors within 
base to meet design and space requirements. 


3. FAST VOLTAGE CHANGE-—Sliding plates on ter 
minal boards allow change from 115 to 230 v opera- 
tion (or vice versa) in one-fifth the time. 


5. ALL-ANGLE OPERATION—All-angle sleeve bearing 
and positive oil retention system allow you to mount 


2. FAST ROTATION CHANGE—Just interchange two 
leads; reverse rotation in seconds. This eliminates 
duplicate stocks for just a change in rotation. 


4. EASY, DIRECT MOUNTING—Mount Form Gs without 
expensive machining or brackets. Close end shield 
tolerances allow mounting of motor with through-bolts. 


6. COMPLETE LINE—Over 850 basic models—and 
thousands of variations—mean there's a standard 
Form G motor for your product’s exact requirements. 


i standard Form G motors in any position. 


Progress /s Our Most Important Product 
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THANKS FOR SHARING THE LOAD, DR. MAXWELL! 


Your equations together with Newton’s Laws serve as a basis for explaining classical electro- 
magnetic phenomena. Most important among the outgrowths of your theory are radio and 

its allied invention, radar. At AC, we are using techniques for the generation and propagation 

of electromagnetic waves to increase the total capabilities of the B-52 weapons system. 

If you are interested in applying yesterday’s theories, like Maxwell’s, to today’s Mach 2 and 

3 aircraft, and if you have a BS, MS or PhD in EE, ME, Physics or Math, please contact _ 
Mr. G. F. Raasch, Director of Scientific and Professional Employment, Dept. N, 7929 South C 
Howell, Milwaukee 1, Wisconsin. — 
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Differential-Input X-Y Oscilloscope | 


DC-TO-450 


teas and all components 
readily accessible 


for easy maintenance. 


ARE e 


TYPICAL A 


PPLICATION 


Adjusting Insertion Characteristics of an X Band 
Filter. Instrumentation includes a Tektronix Type 


503 Oscilloscope 
ALFRED Model 
Model 708 Microwave Filter. 


Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California 


The Type 503 Oscilloscope contains practically 
identical vertical and horizontal amplifiers—as well 
as a wide-range of calibrated sweeps. The two ampli- 
fiers supply an accurate means for plotting curves 
using the X-Y method of operation. Both amplifiers 
offer single-ended inputs for conventional operations, 
or differential inputs for cancellation of common- 
mode signals—with four input-ground switches pro- 
vided for quick ground-reference check. 


With the differential-input X-Y feature, linear 
sweeps, and dependable triggering—combined with 
simplified circuitry and quality components, functional 
layout and minimum controls, light weight and small 
size for a 5-inch oscilloscope—the Type 503 ideally 
suits most applications in the dc-to-450 ke range, 
either in the lab or in the field. 


For a demonstration of the Type 503 Oscilloscope, or RM503 
(rack-mounting model) call your Tektronix Field Engineer. 


in conjunction with 


626 Microwave Oscillator and 


TYPE 503 SPECIFICATIONS 


Vertical and Horizontal Amplifiers 
Frequency Response—dc to 450 kc (at 3 db down). 
Sensitivity—1 mv/cm to 20 v/cm in 14 calibrated steps. 
Continuously variable uncalibrated from 1 mv/cm to 
50 v/cm. 
Differential input and constant input impedance at all atten- 
uator settings. 
Sweep Range and Magnification 
Linear Sweeps—1 usec/cm to 5 sec/cm in 21 calibrated rates. 
Continuously variable uncalibrated from 1 usec/cm to 
12 sec/cm. 
Sweep Magnification—2, 5, 10, 20, or 50 times. 
Triggering Facilities 
Fully automatic, recurrent, or amplitude-level selection on 
rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line. 
Tektronix Cathode-Ray Tube 
5-inch crt at 3KV accelerating potential provides bright trace 
(even under high ambient light) on 8 cm by 10 cm viewing 
area. 
Amplitude Calibrator 
500 mv and 5 mv peak-to-peak square-wave voltages available 
from front panel. 
Regulated Power Supplies 
All critical dc voltages—and the input-stage heaters of both 
amplifiers—are electronically regulated. 
Size and Weight 
13%” high x 9%" wide x 2114” deep—approximately 29 pounds. 


Type 503 Oscilloscope. .... 5a, ieee ah en 


Rack-Mounting Model Also Available... . gh 640 
(dimensions are 7” high by 19” wide by 161%” deep) 


prices f.0.b. factory 


+ 
Tektronix, Inc. P.O. Box 500 * Beaverton, Oregon ¢* Phone Mitchell 4.0161 * TWX—BEAV 311 * Cable: TEKTRONIX 


TEKTRONIX FIELD OFFICES: A 


TEKTRONIX ENGINEERING REPRESENTATIVES: 


In Europe please write Tektronix Inc., Victor 
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the most powerful 


Westinghouse 
30-amp silicon 
“Tock-top” 


power transistors 





New 30-amp ratings, the industry's highest 
These latest Westinghouse Silicon Powe 
Transistors are especially designed for thoss 
applications where you need moretransisto 
power, extra long-life and extra stability un 
der all operating conditions. Your choics 
of nine devices in this new family—eac 
rated at 30 amps.—for greater flexibilit 
of circuit design in high-power applications 
Other Westinghouse high-performanc: 
features include: + Exclusive ‘‘rocktop’ 
ceramic construction for greater reliabilit 
« Voltage ratings to 200 volts - Double-endec 
case design + Low saturation resistance 
250 watts power dissipation. 


transistors you can buy... 


Production quantities of the type 115 fam- 
ily are now available. Westinghouse also 
offers the 2N1015 and 2N1016 series of 
Silicon Transistors, ideal as companion 
drivers. Military and industrial applications 
include: power supplies/regulators/ampli- 
fiers/high-power switching/inverters. 

For more information call your nearest 
Westinghouse representative or semicon- 
ductor distributor. Or write: Westinghouse 
Electric Corp., Semiconductor Dept., Young- 
wood, Pa. sc-1012 

You can be sure... if it’s 


Westinghouse 
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For immediate “off-the-shelf” delivery, 
order from these Westinghouse 
Distributors: 


EASTERN 
ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC 
Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO 
Camden, N. J./WO 4-8560 
GENESEE RADIO PARTS CO 
Buffalo, N. Y./DE 9661 
KANN-ELLERT ELECTRONICS, INC 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS 
New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 


. ae 


iLL 





Bh ke 


BOSS 


MIDWESTERN 
ELECTRONIC COMPONENTS FOR 
INDUSTRY CO. St. Louis, Mo./WO 2-9917 
HALLMARK INSTRUMENTS CORP 
Dallas, Texas/RI 7-9385 
INTER-STATE RADIO & SUPPLY CO 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
RADIO DISTRIBUTING CO. 
Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC 
Chicago, I11./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. 
Cincinnati, Ohio/MA 1-6530 


WESTERN 
ELMAR ELECTRONICS 
Oakland, Calif./TE 4-3311 
HAMILTON ELECTRO SALES 
Los Angeles, Calif./BR 2-9154 
NEWARK ELECTRONICS CO. 
Inglewood, Calif./OR 4-8440 








CELANESE POLYMER COMPANY 


announces a new engineering material 


CELGCON 


A Cue TAL SOD Ff Oi TS eG FR 


Celcon is an entirely new Celanese plastic offering advantages over metals and other fabricating 
materials in many applications. Celcon has a unique combination of properties, including 

high structural strength over a broad temperature range, excellent moldability, resistance to 
corrosion and creep, fine color and surface. Best of all, in extensive laboratory and 

field tests, Celcon performed at a high level with long-range stability. Celcon promises to answer 


the need for a material in which you can design with greater confidence! 


C PVruese POLYMER 
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Product of Radically New 
Molecular Architecture 


Celcon is a result of extensive 
Celanese experience in polymer 
chemistry. It makes possible new con- 
cepts of material use; it is a new 
design medium. 

Celanese maintains strict control of 
Celcon production, from raw materi- 
als to finished polymer. Celanese is 
the world’s largest producer of triox- 
ane—basic monomer of Celcon pro- 
duction. Celcon is now available for 
your evaluation in developmental 
quantities on a restricted basis. 


Celcon Meets the Challenge 
of the Materials Age 


@ Combines low cost with high 
strength and rigidity 

® Easily fabricated—injection 
molded, extruded, machined 

® Resistant to a wide range of 
chemicals 

® Resistant to high temperatures 


® High creep resistance even at ele- 
vated temperatures 


® Excellent colorability 
® Unusual versatility in molding 
® Broad molding range 


Uses as Varied 
As Industry Itself 


Celcon, as a fabrication material and 
styling medium offers many advan- 
tages over metals and other materials 
for a wide variety of applications, 
such as timing gears, door handles, 
pipe and plumbing, sporting goods, 
automotive parts, electrical appli- 
ance parts, machinery housings and 
components, pump parts and impel- 
lers. But these are only an indication 
of where this versatile new engineer- 
ing material can be used to both 
product and cost advantage. 
Celanese® Celcon® 


For complete details, please write, outlining your application, to: 
Celanese Polymer Company, pept. p-169-£, 744 Broad Street, Newark 2, N. J. 


Celanese Polymer Company is a Division of Celanese Corporation of America 
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TOWARDS INFINITY 


Mtcre MANIATURIZATION 


The startling miniaturization being achieved in electronic circuits 
has, until recently, posed problems in interconnections. Lending 
themselves toward the solutions are AMPHENOL's new and 
available “Micro” family of connectors. 


Micro-miniature flat forms, flexible printed wiring, modules, and 
other devices all can be reliably interconnected with AMPHENOL 
Micro Edge, Micro Min or Micro Mod connectors. 


Connector contact centers are .075” or .050—and 
smaller centers are being developed. 


Write for complete literature 





JUD 





Mibigs = Siptlia — Shipetial 


AMPHENOL CONNECTOR DIVISION 
1830 S. 54TH AVE. - CHICAGO 50, ILLINOIS 
Amphenol-Borg Electronics Corporation 
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Lamb Thinking on 
Universal Motors for a 


unique actuator application 


Here’s what Lamb Electric 
designed into these motors: 


In order to obtain the required speed 
and torques and retain the most 
economical and smallest package, 
a combination worm and spur gear 
reduction was used. Also, because 
of the peculiar space limitations in 
the application, special design con- 
siderations had to be given to the 
gear ratios and mechanical layout 
of the package. 

In the initial stages of the design a 
motor was provided which met the 
specified speed and torque require- 
ments, however it was soon discov- 
ered that this design overheated 
rapidly. Analysis of the first proto- 
type tests showed that the load cycle 
had a particularly high torque peak 
for a very short duration. The 
motor was designed to supply this 
amount of torque near its stalled 
speed. It was found that by taking 
advantage of the accelerating rate 
and starting torque of a universal 
motor, the motor accelerated quickly 
enough to provide sufficient inertial 
energy to complete the duty cycle. 
This enabled the engineers to re- 
design for a lower peak horsepower 
output and obtain reasonable oper- 
ating temperatures, thus producing 
the minimum size package consist- 
ent with the torque and tempera- 
ture requirements. 

The application was such that se- 
vere shock loading was encountered 
at a certain point in the duty cycle. 
In order to make mechanical con- 
struction that would withstand this 
service, ductile iron castings were 
furnished and special consideration 
had to be given to the overhung 
moment of the motor-gear unit to 
insure against damage due to vibra- 
tion. Special bearings had to be 
used in this service because Brin- 
nelling would occur on normal ball 
bearings under the severe service 
encountered. Lubrication is gener- 
ally a problem under this short duty 
cycle, therefore, special considera- 
tion had to be given to insure that 
the lubricant protected the wearing 
surfaces at all times. 


This is just a short example of Lamb at 
work ... if you have a motor problem, let 
us help you with it. This is our business 
Write: Lamb Electric, Kent, Ohio, and 
we'll have a Lamb District Engineer call 
on you to open preliminary discussion of 
your problem. 
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1.S. 15028 


THE LATEST. 
DESIGN NEWS - 
-ON FHP MOTORS - 
“FROM 

LAMB ELECTRIC 


1.S. 14926 


New Lamb motors represent advancements 
in small universal motor design 


New design combines high quality and long life with 
relatively low manufacturing costs 


Initially, the I.S. 15028 and com- 
panion motor I.S. 14926 were 
designed for powering rug agita- 
tors on a well-known line of canis- 
ter-type vacuum cleaners. Now, 
many future appliance applica- 
tions have been visualized. The 
range of ratings possible with this 
design (as high as 1/10 H.P. at 
12000 RPM or % H.P. at 15000 
RPM) makes this motor ideally 
suited for many motor powered 
domestic applications. 

Some of the novel features of this 
motor project were: 

The housing is a one-piece simple 
phenolic molding. It is designed in 
a half shell form in such a way 
that the motor bearings and other 
components can be held in accu- 
rate relationship with an unma- 
chined housing. 


The half shell housing of the 
motor is designed to mate with a 
corresponding opening on the cus- 
tomer’s device to complete the 
motor enclosure. When a free 
standing motor is desired, this 
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upper enclosure can be a simple 
stamping. 


The I.S. 15028 motor was designed 
with a sleeve and a ball bearing. 
However, on other versions of this 
motor, either sleeve or ball bear- 
ings or a combination can be used 
at only a low tooling expense 
through use of easily interchanged 
inserts in the housing mold cavity. 


The sleeve bearing as used in this 
design takes full advantage of the 
economics possible with the half 
shell motor design. The full-spher- 
ical shaped self-aligning type of 
sintered bearing is mounted di- 
rectly in a semi-spherical recess in 
the housing. A spring clip presses 
against the top of the bearing to 
secure it in place while at the same 
time permitting self-alignment 
movement. Life-time lubrication 
is provided by an oil soaked felt 
strip located beneath the bearing. 
There are other features worth 
noting in this unique design prob- 
lem. For further particulars, write 
to Lamb Electric Co., Kent, Ohio. 








PHELPS DODGE 


Whhermaleze 


has replaced six 


OL N0re 





Industry’s only multi- 


purpose magnet wire! 


28 


film wires! 





POLY-THERMALEZE, a Phelps Dodge Applied 
Research development, is answering a 
long-awaited need of the electrical equip- 
ment industry for a universal magnet wire. 


ELECTRO-TECHNOLOGY 





Property for property, 


POLY-THERMALEZE 
matches or exceeds 
all these 


 ‘THERMALEZE 155°C 60+ 1400 20%-1X 20%-3X Excellent Good 301bs. 305°C 20%-3X 4000 500,000> 
OK i. 


1700 


Epoxy | 120° | 20+ 20%-3X Fair | 
iP cs : ie . OK c Ea ; BS aici 
i | 3 | 3 : a : | 


For the first time, POLY-THERMALEZE per- ne ene 


consult Phelps Dodge for the quickest, surest answer! 


mits standardization to one all-around film 
within Class F (155C), Class B (130C) : D 
and Class A (105C) temperature ranges. pueips popce COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 
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Air Express gets your shipment first on, first off, first there 


AiR EXPRESS is more than America’s fastest shipping service... it’s the most impartial. Large ship- 
ments or small get identical, top priority treatment, plus those “extras” that make AiR EXPRESS first 
choice nationwide. A special fleet of 13,000 trucks, many radio-dispatched, pick up and deliver door- 
to-door. Your shipment is first on, first off, first there, via all 35 scheduled U. S. airlines, with kid-glove 
handling non-stop. And the cost for AiR EXPRESS service 
is amazingly low. Just one telephone call arranges every- 
thing, to 23,000 communities in the U. S. and Canada. 
It pays when you think fast... think AiR ExPRess first! 


& CALL AIR EXPRESS DIVISION OF RE A EXPRESS ° GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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of the many semiconductor sources 


some are GERMANIUM houses 
some are SILICON houses 
some are DIODE houses 
some are RECTIFIER houses 
some are TRANSISTOR houses 
some areCIRCUIT PACKAGING houses 


Raytheon 


is all of these in one 


plus proven advances in RELIABILITY PROCEDURES 
mechanized production for PRODUCT QUALITY 
extensive engineering for APPLICATIONS ASSISTANCE 


There’s a Raytheon semiconductor for your application. For information 
on all Raytheon semiconductor products, call your nearest Raytheon 
sales office — listed below . . . or write for our Short Form Catalog. 


RAYTHEON COMPANY 


SEMICONDUCTOR DIVISION 


SILICON AND GERMANIUM DIODES AND TRANSISTORS « SILICON RECTIFIERS + CIRCUIT-PAKS 


BALTIMORE, MO., SOuthfield 1.0450 + BOSTON, MASS., Hillcrest 46700 + CHICAGO, ILL., NAtione! 54000 + DALLAS, TEXAS, LAkeside 6-7921 + DAYTON, OHIO, BAldwin 3-128 

DETROIT, MICH., TRinity 3-5330 + ENGLEWOOD CLIFFS, N. J., LOwell 7-4911 (Manhatten, Wisconsin 7-6400) + LOS ANGELES, CAL., Plymouth 7-3151 + ORLANDO, FLA., GArden 3-0618 

PHILADELPHIA, PA., (Haddonfield, N_J.), HAzel 8-1272+SAN FRANCISCO, CAL., (Redwood City), EMerson 9-5566* SYRACUSE, N.Y., HOward 3-9141 » CANADA: Waterloo, Ont.. SHerwood 5-683! 
GOVERNMENT RELATIONS: Washington, 0. C., MEtropolitan 86-5205 
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Precision-Made 
Industrial UNIVERSAL JOINTS 


FOR APPLICATIONS 
UP TO 1750 RPM. 








Standard and Heavy Duty 
Single Joints—Type D 





Standard Double Joints—Type DD 


This high quality line of univer- 


sal joints is available in a wide 





range of sizes and types for all 


Booted Joints 


industrial applications... 
@ 10 to 250 hp. at 100 rpm. 


@ Standard joints operate at speeds to 
1500 rpm., heavy duty to over 1750 rpm. 


@ Single joints operate through full 40° 
working angle, double joints 80° 





@ Boot provides effective means for proper | 
lubrication .. . eliminates dust... 
can be removed in field / 


Ask for recommendations on your 
application. Request Catalog D-61 and prices. 


Lovejoy specializes in a full line of easily installed, 
maintenance-free power transmission equipment: 


Pier Transmic... | 
: S109 Equipment 


hy | Variabj, 


L | | Belt; Seog | 
Tg — 


FLEXIBLE COUPLINGS— VARIABLE SPEED VARIABLE SPEED BELTS 
any size or type, includ- PULLEYS—'% to 25 hp., —complete line of types 
ing specials, .003 to over ratios up to 4 to 1. Re- and sizes for all applica- 
8500 hp. Request Cata- quest Catalog B-61. tions. Request Catalog 
log A-61. C-61. 





Motor Bases 
Shaft Mounted Gear Reducers 


Take-Up Frames 
Variable Speed Transmissions 


= ; ; ; : 
Write or phone for literature and prices. If you have a specific requirement 
or problem ask for recommendations. No obligation. 


LOVEJOY FLEXIBLE COUPLING CO. 


4802 WEST LAKE STREET e CHICAGO 44, ILLINOIS 
Telephone EStebrook 9-3010 * Teletype TWX-CG-85 
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SEE ALL TYPES OF POWER 
TRANSMISSION EQUIPMENT 
IN ACTION AT THE LOVEJOY 
BOOTH AT THE DESIGN SHOW 


Working models of Lovejoy Power 
Transmission Equipment will be 
on display at Booth 1044. In addi- 
tion, many new items will be 
shown. These will include: (1) 
heavy-duty flexible couplings 
rated for applications up to 8500 
hp.; (2) a unique line of low-cost 
variable speed pulleys designed for 
competitively priced equipment; 
(3) a new and complete line of 
variable speed belts; and (4) a 
recently introduced line of univer- 
sal joints for industrial applica- 
tions up to 1750 rpm., fractional 
to over 450 hp. 

The Hi-Lo Manufacturing 
Company, affiliate of Lovejoy 
Flexible Coupling Company, will 
also display at Booth 1044. They 
will feature a complete line of cam- 
controlled variable speed pulleys 
ranging from fractional to 5 hp. 
with ratios up to 3 to 1, also a Hi- 
Ratio series up to 7 to 1. 

Literature on these and many 
other types of power transmission 
equipment will be available. Ex- 
perienced personnel and engineers 
will be on hand to answer ques- 
tions, give recommendations and 
assistance. Bring in your require- 
ments or problems. You’ll receive 
prompt service. 

Take advantage of this opportu- 
nity to get recently published 
Lovejoy material containing a 
wealth of information about power 
transmission equipment—plus 
first hand information. There’ll be 
no obligation on your part, only 
service on our part at Booth 1044. 

If you are unable to attend the 
show, write or call for literature 
or recommendations on the power 
transmission equipment you re- 
quire. Address your letter to Love- 
joy Flexible Coupling Company, 
4802 W. Lake St., Chicago 44, IIl. 
Telephone EStebrook 9-3010. 


ELECTRO-TECHNOLOGY 





ABSORBENT 
WICK 


BOTTOM 
FEED 


SYPHON 


In all four wicking and lubrication 
applications on electric motors, 
WESTERN FELT wicks are depend- 
able lubricating mediums of 
excellent quality and long life 


With absorption capacities up to five times original 
weight, Western Felts are unsurpassed as self-con- 
tained oil reservoirs. They hold and wick the lubri- 
cant within air spaces or capillaries between their 
fibers for an almost automatic oil-delivery rate. 

Western Felt wicks can thus be tailored exactly 
to the job they must perform — to provide opti- 
mum wicking height, oil absorption, and rate of 
transfer. And our design engineering specialists will 
welcome the assignment to work with you on any 
wicking and lubrication problem, 


MAY 1961 


Write for our free illustrated 
technical brochure, 
“Felt Wicking and Lubrication.” 


WESTERN 


4021-4139 Ogden Ave. 
WOR HS 


Chicago 23, Ill. 
Branches in Principal Cities 
MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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select the 
motor 
needed for 
your 
application 


Did you know that Barber-Colman Company makes both a-c and 
d-c motors? On these pages we have tried to tell very briefly a 
little about each of our motors. Featuring high quality at low cost, 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole 
motors are excellent for commercial and industrial applications. 
Barber-Colman d-c precision motors are available in a variety 

of voltage ranges, styles and specifications to meet airborne and 
industrial applications. Look at the motors illustrated and 

then ask us for more literature on the one that interests you most. 


BARBER-COLMAN COMPANY 


ROCKFORD, 


ILLINOIS 





A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 





AYAA — DYAA — KYAA 


Specifications: 

Rated horsepower .0007 to .0010 

POP 1-1/8” plus shaft 

Dimensions.... 2-7/32” x 2-1/4” 

Remarks ....Exceptionally small 
and compact 

Typical applications — fan blades, 
blowers, reroll chart drives, pho- 
nographs, and gear trains. 





DYAB — KYAB 


Specifications: 

Rated horsepower .0017 to .0066 

Length ... 1-5/8” to 2” plus shaft 

Dimensions... 2-3/8” x 2-19/32” 

Remarks ....High starting torque 

Typical applications — slide pro- 
jector fans, hair dryers and re- 
frigerators, vending magehines, 
office machines, and rotisseries. 








DYAF — KYAF — OYAF — CYAF 


Specifications: 

Rated horsepower .0045 to .032 

SS ae 1-5/8” to 2-9/16” 
plus shaft 

Dimensions... 2-21/32” x 2-3/4” 

Remarks ... . High running torque 


Typical applications — fans for 
heaters, deodorizers and elec- 
tronic equipment; blowers and 
gear trains. 
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AYAR — BYAR — CYAR — DYAR 


Specifications: 


Rated horsepower .005 to .050 


Length ..... 1-29/32” to 3-11/32” 
plus shaft 

Dimensions. .... 3-1/8” x 3-1/4” 

Remarks ...... High start or high 


power rotors available 

Typical applications — pumps, 
humidifiers, vaporizers, combus- 
tion and industrial controls. 


A-C SHADED POLE 
REVERSIBLE MOTORS 





AYAE-DYAE-KYAE 


Specifications: 

Rated horsepower .00015 to .006 

Length ...... 1-13/64” to 1-53/64” 
plus shaft 

Dimensions .......... 3” x 2-7/8” 


Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 
Typical applications — servomech- 
anisms, remote switching and po- 
sitioning devices, and pen drives. 





OYAE 
Specifications: 
Rated horsepower .0055 to .04 
Pe Ae 3-1/8” plus shaft 
Dimensions ....... 3-7/8” x 3-7/8” 


Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 
Typical applications—servomechan- 
isms, recording instruments and 

automatic weighing machines. 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 





DYAJ — KYAJ 
Specifications: 
Rated horsepower .0043 to .0086 
Length 1-3/4” to 2-1/8” plus shaft 
Dimensions .. 2-11/32” x 2-19/32” 
or 2-23/64” x 2-19/32” 
Remarks . . . Develop 30 times power 
of ordinary clock motors 
Typical applications—oscillographs, 
scoreboard timers, viscometers, 
facsimile recorders, x ray timers, 
and microfilm cameras. 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE 


DOUBLE-PLATE 


ENCLOSED TYPE 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 
output shaft plus long life lubrica- 
tion add to the reliability of these 
geared motors. 


A-C 400-CYCLE MOTORS 


AYLO 


Specifications: 

Type . .Split-phase capacitor, squir- 
rel cage rotor 

Rated horsepower ...up to 40 mhp 
intermittent duty 

Voltage ... f , 

Rated speed . 9500 to 11,000 rpm 

Length .. 2.20” excluding shaft and 
brake 

Diameter : 

Brake ....400-cycle brake optional 


A-C & D-C TACHOMETER 
GENERATORS 


For Commercial Installations 


Type DYAE a-c 
reversible shaded 
pole motor acts asa 
low-cost, rugged, ac- 
curate, and depend- 
able a-c tachometer 
or rate generator. 


DYAE 


Precision For Military Usage 


BYLM and FYLM 
generators are Ca- 
pable of output volt- 
ages up to 40 volts 
per 1000 rpm, with 

igh linearity and 
low ripple content. 
Excellent for servo 
rate feed back. 


6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed . 5,000 to 20,000 rpm 
Power input 7 to 155 watts 
Length 2.19” to 3.19” 
excluding shaft 
Diameter 


DYLM — EYLM 
Specifications (EYLM only): 


Rated horsepower .... up to .055 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length 83” to 2.45” 
excluding shaft 

Diameter 4 

DYLM is a split series motor in 
the same envelope. 


8 - HYLM 


Typical Specifications (27 volts): 
Horsepower ie « ae ath w Rcd .018 
intermittent duty 


Power input 
Length 
Diameter 


FYLM 


Specifications: 

Rated horsepower 
intermittent duty 

Rated speed . 5,000 to 20,000 rpm 

Power input ....... 2 to 70 watts 

Length 1.77” to 2.40” 
excluding shaft 

Diameter 

Features .constant brush pressure; 
R3 bearings; 3/16” dia. shaft. 


GYLM with Matching gearhead 


Specifications: 

Rated horsepower ... 
intermittent duty 
Rated speed . .2,000 to 24,000 rpm 
Power input ....... 3 to 60 watts 
Length 1.97” 
excluding shaft and gearhead 
Diameter -45” x 1.63” 
Remarks .. . Rectangular gearhead 

optional, as illustrated. 


..up to .040 


GEARHEADS, BLOWERS, 
RIGHT-ANGLE DRIVES, 
FILTERS, GOVERNORS, 
MAGNETIC BRAKES 


Barber-Colman d-c motors can be 
adapted to a variety of uses. Sev- 
eral sizes and styles of blowers and 
gearheads are available. Right- 
angle drives and multiple-shaft 
outputs can also be had for special 
applications. Radio noise filters, 
governors, or magnetic brakes fur- 
nished if required. 


D-C BATTERY-OPERATED MOTORS 


BYQOM 
Voltage range ....approx. 3 to 30 


Governed speed 
approx. 1200 to 6000 rpm 


0 to .20 oz-in. 
Maximum dia ; 


HYQM 
Voltage range 4.5 to 30 volts 
Governed speed 1500 to 5000 rpm 
..0 to .20 ozin. 

Maximum dia 


BARBER-COLMAN COMPANY 
Dept. P, 1903 Rock Street, Rockford, Illinois 
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A lot of people (whom we'd like ing error. They are sidelighted 
to have as customers) look twice to provide better illumination. 
when they see the prices on our Inside? Strictly precision. The 
new liquid-filled dial indicating thermometers. We don’t mechanisms; solid liquid-filled Bourdon tubes, are made 
blame them. They’re used to paying 200% more. Our _—and calibrated completely by hand (ever so carefully) 


prices are shockingly low. How do we do it? Simple! just to insure reliability, accuracy, and long life. 





We have designed a clever universal mount. One mount _‘ They are direct acting...no gears or cams to wear or fail. 
satisfies many installation problems (reduces production | We guarantee every one to meet full industry specifica- 
and stockingcosts and allows lower prices to you). We tions. So look twice at the price if you like, but look 
save on the unique but rugged outer casings, too. (So + twice at the instrument, too. It is just one of a com- 
you save even more). But corner cutting ends here. plete line of Autolite instruments that will change 
These devices are devils for durability. your opinion on how much quality 
Built tough to take it. Dials are big, A TO LITE costs in today’s market. Another reason 
legible, raised to reduce parallax read- *:nousteia: instrument viv. «Port wuron, micnican Why you're always right with Autolite. 
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STEEL IS ROLLED AT THE 


HOMESTEAD WORKS WITH AN 


ASSIST FROM RI)ATIONAL BRUSHES 


Rolling mills at the Homestead Works of 
United States Steel Corporation exert tre- 
mendous pressures to squeeze steel into 
desired thicknesses. The mills are de- 
signed to handle terrific mechanical strains 
...the motor-generator sets to take the 
swinging peak loads imposed. 

“National” Brushes—wherever they are 
used on the m. g. sets that power the 
mammoth mills— provide good commuta- 
tion and life despite the difficult loading 


conditions. They contribute to depend- 
able service with minimum commutator 
maintenance. 

To help improve electrical operations, 
we offer a positive carbon brush service 
program. Just call your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Toronto. 


‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


Contact your 
‘*National’’ Brush Man 
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BODINE’'S SMALL MOTORS 


OFFER DEPENDABLE SERVICE WITH 


AN ASSIST FROM Fl 


Here, at the Bodine Electric Company 
Plant, fractional horsepower motors are 
manufactured for a wide variety of prod- 
ucts. Considering the small sizes of the 
motors used, these products doa tremen- 
dous job in making many everyday tasks 
easier and more enjoyable for the user. 
‘“National’’ Fractional Horsepower 
Brushes—tiny but vital components in 
these motors—offer proved dependability 


‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


so necessary in this small equipment. 
National Carbon Company maintains 
a complete testing laboratory specifically 
designed for the investigation of frac- 
tional horsepower brush problems. For 
information, contact your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Ave., N. ¥Y.17, N.Y. In Canada: 
Union Carbide Canada Limited, Toronto. 





ATIONAL BRUSHES 


TRADE -MARK 


Contact your 
“*National’’ Brush Man 


ENGINEERING NEWS -#4 


BASIC PRECISION SWITCHES 


CHECKED . ZZ ENGR. La CONTROL SWITCH DIVISION 


Meet Thousands of Application Needs 
with these Five Basic Switch Types 


STANDARD MODELS in a wide VARIATIONS—hundreds available ACTUATORS—toggle, push- 
range of dimensional and —designed and engineered to button, leaf, roller leaf, lever, 
characteristic designs—from the meet such specific require- roller lever, etc., available. 
tiny, powerful sub-subminiature ments as: Choose the Switch Series that meets your 


type to the large, general purpose basic application needs. Then tell us the 


type where size is not important.  U-L. listings reset for 2-way limit - ‘oti 
+ Naa matech: welten nag high temperatures high in-rush specific characteristics you want. Chances 
dry circuitry AN and MS are, we have a standard ready for your use. 


application suggestions and extra long life specifications We are fully equipped to make the switch 
brief specifications. high electrical ratings | special terminals you need in any quantity. 


perfect for ideal for rugged, 
super-sensitive for compact, low-cost, 
uses... precision control uses... easy wiring uses... 


‘T SERIES E 4 series F- SERIES 


SUB-SUBMINIATURE, SPDT, SUBMINIATURE, SPDT, 2%,” x 4” x 2%,” MINIATURE, SPDT, 134,” x '%,” x 34” 
wy" xy" xm,” low movement differential and rugged, low-cost design. 
high current capacity in tiny case. operating force permit precision control convenient terminals simplify wiring. 
excellent shock and vibration resistance. in critical applications. solder, screw and spade terminals. 
solder terminals, others on request. solder; single, double and long double 150,000 ops. 10 amps @ 125/250 VAC, 
25,000 ops. min per MIL-S-6743. turret terminals. 28 VDC Res. 
7.5 amps @ 125/250 VAC, 60 cycles 150,000 ops. @ 125/250 VAC, 2.5 amps. 
Ind. & Res. 
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for general purpose, 
good for high in-rush 
power and 
circuits, repeatability uses... 


precision control 
uses... S series S2B series 


SPDT, 11,” x "Ky" x 5%,” 
2-CIRCUIT, SPDT double break, 14%" x 4" x 4” tough, durable, compact. 
combines high capacity, moderate size, handles high in-rush loads easily. 
long life and precision control. repeats to 10,000,000 cycles min. 
tested to 10,000,000 operations. screw terminals. 
end and side solder, screw and spade terminals. 20 amps, 125/250/480 VAC, U.L. rated. 
750,000 ops. @ 125 VAC, 10 amps., U.L. rated. Y4 amp, 125 VDC; % amp, 250 VDC. 


For more details on 
these basic precision 
salah tans welie CONTROLS COMPANY OF AMERICA 
for catalog No. 110. CONTROL SWITCH DIVISION 


1410 Delmar Drive, Folcroft, Pennsylvania . Telephone: LUdlow 3-2100 . TWX SHRN-H-502 


Manufacturers of a full line of switches, contrdls and indicators for all military and commercial applications. 
All standard units stocked for immediate delivery by leading electronic parts Distributors. 


All switches shown actual size. Circle 126 on Inquiry Cord 
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COMPACT 300 VOLT CONTROL RELAY Space- 
savingest relay ever! So reliable it is permanently enclosed. 
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New from Cutler-Hammer 


New products, new ideas to help your business now 


The air is charged with new ideas at Cutler- 
Hammer... ideas and products resulting from 
our new production facilities, new engineering 
talent, new research programs, and most important 
of all—a new desire to serve you better in the sixties. 
Evidence of this vitality and what it can mean 
to you are these eight typical new products. 


i1ZV/! SIZE 5 STARTER Available as starter or contactor. 
Reall 


small... Open dimensions only 13” x 15%e" x 7%". 








You can expect more news from Cutler-Hammer 
around the calendar. Give your Cutler-Hammer 
sales office or distributor a call. They’re all charged 
up too—anxious to tell you more about what’s 
new at Cutler-Hammer. For descriptive literature 
on any of these products, write Cutler-Hammer 
or call your nearest Cutler-Hammer distributor. 





.2./. MOST VERSATILE FOOT SWITCH YET Choice of 4 


operating variations by changing nylon cam position. 





D-C UNITIZED CONTACTORS. For steei or: slate 
panels, front or back wiring. Six sizes 25 to 600 amperes. 
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UNITROL DESIGN in choice of three depths (20”, 15”, 
12") gives more flexible motor control center 


i12,/! ILLUMINATED PUSHBUTTONS Newest addition to 
this versatile oiltight line. Dozens of types, many colors. 


WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory e Subsidiary: Cutler- 
Hammer International, C. A. e Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 
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SPACE-SAVING 00 STARTER Takes 20% less space 
costs 18% less than Size 0. 


12./! MOST RELIABLE LIMIT SWITCH EVER This oiltight 
switch outlasts others by far. Many. operator options 
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ANNOUNCING || ANACONDA ML 
FILM-COATED MAGNET WIRE FOR 220 C 


Affords continuous high-temperature operation up to 250 C—resists heat shock up to 425 C 


The exceptional heat stability of Anaconda ML Magnet Wire 
makes it ideal for electrical equipment operating at con- 
tinuous high temperatures up to 250 C—such as high- 
temperature motors, relays and dry-type transformers. This 
same heat-resistant characteristic also makes ML Magnet 
Wire a valuable tool in miniaturization and in reducing the 
size of larger equipment. 


Tremendous overload resistance (as demonstrated by ther- 
mo-plastic flow above 500 C and heat shock resistance over 
400 C) makes ML Magnet Wire particularly suitable for 
portable tool armatures and other applications where “‘stall’’ 
conditions or unusual overloads may be experienced. 


Essentially zero weight loss to 200 C makes it possible to 
use ML Magnet Wire for relays that will operate at fempera- 
tures up to 250 C with low space factor and comparatively 
low cost. Using ML Magnet Wire in sealed relays practically 
eliminates contact contamination due to ‘‘outgassing”’ of 
wire insulation. 

Other ML Magnet Wire advantages: high burn-out resist- 
ance and cut-through level; dry dielectric strength over 
3,000 V/Mil; excellent flexibility; good windability and 
scrape resistance. 

ML Magnet Wire is coated with a solution of ML Polymer, 
a new chemical development by duPont that represents a 
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tremendous improvement in heat resistance over organic 
coatings. ML Magnet Wire can be used as a replacement 
for most film-coated magnet wires, except solderable 
types, and many glass and glass Dacron wires. Where the 
positive inorganic spacing of glass is required, the com- 
bination of ML film and glass serving offers outstanding 
properties. ML Magnet Wire’s combination of high tem- 
perature rating, excellent winding characteristics and 
space factor permits its use in many applications which 
formerly required the use of much more expensive com- 
binations of ceramics and fluorocarbons. 

ML Magnet Wire is available in all sizes of round, square 
and rectangular. Film additions are single, heavy, triple or 
quadruple thicknesses, all conforming with NEMA specifi- 
cations. ML also meets all requirements of Spec. MIL-W- 
583B for Class 180 Types H, H2, H3, and H4, and Class 
200 Types K, K2, K3, and K4. For prices, technical data and 
applications engineering information, contact Department 
EFL-1-ET, Anaconda Wire and Cable Company, 25 Broad- 
way, New York 4, New York. 


ASK THE MAN FROM @ 


ANACOND 


FOR ML MAGNET WIRE 
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Texas Instruments 2N1907 devices provide: [| Guaranteed max thermal 
resistance — 0.5°C/watt...allowing highest power dissipation. JJ Guaranteed 
AC beta of 2 @ 10mc...ideally suited for high power RF amplifiers. [Jj 
Typical switching time of 2.5 wsec @ 5 amp...for high speed DC to DC 
converters in ultrasonic operations. [J Guaranteed min h,, = 50 @ 5 amps 


and 10 @ 15 amps...reducing input current requirements. [J Guaranteed 
Vercsaty) O0.4Vv, Ic = 5.0a, I, = 0.5a... providing cooler device operation under 
saturated current condition. 





IMMEDIATELY AVAILABLE OFF-THE-SHELF FROM YOUR AUTHORIZED TI DISTRIBUTOR 
‘ ‘ « 
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SEMICONDUCTOR-COMPONENTS DIVISION 


pi -* 
TEXAS Lap INSTRUMENT 


LIMITED 


INCORPORATED 
DALLAS ROAD « BEDFORD, ENGLAND P. O. BOX SO12 * DALLAS 22, TEXAS 
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HOWARD 


...the nation’s leading source 
for low cost universal & d.c. 


fractional H.P. motors! 


HOWARD INDUSTRIES, INC., 1720 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 
ERED Soles Offices: Festus, Mo., 1049 Front St., YE 7-3606 
Chicogo orea: 576 Northwest Hwy., Des Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
HOWARD Plaines, Ill., VA 7-6173 New York area: 157 Broad St., Redbank, N. J., 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 SH 1-3356 


\ j Representatives in Principal Cities — Consult Your Classified Phone Book 


Ene ELECTRIC MOTOR CORPORATION (Ls) LOYD SCRUGGS COMPANY 


CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 


ELECTRO-TECHNOLOGY 





1/200 TO 1 H.P. * HIGH SPEED * HIGH STARTING TORQUE 


MODEL 29-500 
TYPE: Universal AC/DC or Shunt. 
DIAMETER: 3-5/16. 
LENGTH: 4-11/16 to 5-19/32. 
H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. 
Shunt or Compound—1/12 
Intermittent Series—1/4 @ 10,000 R.P.M. 
Shunt or Compound—1/6. 
SPEED: No Load: Series—15,000 R.P.M. 
Shunt or Compound—12,000 R.P.M. 
Full Load Speed: Series—3000 to 10,000 
R.P.M. 
Shunt or Compound—1000 to 10,000 R.P.M. 
VOLTAGES: Series—6 to 250V. AC/DC. 
Shunt or Compound—6 to 230V. DC. 
BEARINGS: Porous bronze sleeve type or grease 
sealed ball bearings. 


MODEL 243 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 2-17/32. 

LENGTH: 3-15/16. 

H.P.: Continuous Series—1/12 @ 10,000 R.P.M. 
Intermittent—1/8 @ 10,000 R.P.M. 

SPEED: Full Load Speed: 

Series—5000 to 10,000 R.P.M. 

Shunt—2000 to 7000 R.P.M. 

VOLTAGES: Series—12 to 230V. AC/DC. 
Shunt 6 to 120V. DC. 

BEARINGS: Porous bronze self aligning type 
with oil reservoir. 
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MODEL 700 

TYPE: Universal AC/DC or DC Shunt. 
DIAMETER: 3.800”. 

LENGTH: 5-7/64". to 6-7/64". 


H.P.: Continuous: Series—1/4 @ 10,000 R.P.M. 


Shunt—1/8. 
Intermittent: Series—1/2 @ 10,000 R.P.M. 
Shunt—1/4, 


SPEED: No Load Speed: Series—18,000 R.P.M. 


Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 
Shunt—1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 115V. AC/DC. 
Shunt—6 to 230V. DC. 

BEARINGS: Grease sealed ball bearings. 


MODEL 200 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 1-11/16”. 

LENGTH: 2-11/16”. 

H.P.: Continuous Series—1/200 @ 10,000 R.P.M. 
Shunt—1/200. 

Intermittent: Series—1/75 @ 10,000 R.P.M. 
Shunt—1/75. 

SPEED: No Load Speed: Series—15,000 R.P.M. 
Shunt—15,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 

R.P.M. 

Shunt—3000 to 10,000 R.P.M. 

VOLTAGES: Series—6-115V. AC/DC. 
Shunt—6 to 32V. DC. 

BEARINGS: Grease sealed ball bearings. 
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MODEL 1100 
TYPE: Universal AC/DC or DC Shunt. 
DIAMETER: 2-13/16". LENGTH: 3-9/16”. 


H.P.: Continuous: Series—1/50 @ 10,000 R.P.M. 


Shunt—1/50. 
Intermittent: Series—1/15 @ 10,000 R.P.M. 
Shunt—1/15. 


SPEED: No Load: Series—15,000 R.P.M. approx. 


Shunt—3500 to 12,000 R.P.M. 
Full Load: Series—3000 to 10,000 R.P.M. 
Shunt—2000 to 10,000 R.P.M. 
VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 
BEARINGS: Porous bronze sleeve type, or 
Grease Sealed Ball Bearings. 


MODEL 512 
TYPE: Universal AC/DC or DC Shunt 
DIAMETER: 3-3/8”. LENGTH: 4-3/4”. 


H.P.: Continuous Series—1/10 @ 10,000 R.P.M. 


Shunt—1/12. 
Intermittent: Series—1/5 @ 10,000 R.P.M. 
Shunt—1/6. 


SPEED: No Load Speed: Series—15,000 R.P.M. 


Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: 5000 to 10,000 R.P.M. 
Shunt: 1000 to 10,000 R.P.M. 
VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 
BEARINGS: Porous bronze sleeve type. 


HOWARD INDUSTRIES, INC., 1720 STATE STREET, RACINE, WISCONSIN 


Please send me complete information on: 


(1 MODEL 243 
C1 MODEL 29-500 


() MODEL 700 
[J MODEL 512 


1 MODEL 200 
( MODEL 1100 


(0 SEND ME A COMPLETE HOWARD CATALOG 
[-] HAVE A HOWARD REPRESENTATIVE CALL ON ME 


NAME_ 





VE ic sacianannhiannalnaiinieionns 
COMPANY_____ 
ADDRESS. 





CITY 
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the strong case for Centricores 


When you’re considering magnetic cores 
it pays to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 
trouble in a control loop you’re designing, or 
where you want to miniaturize an inductive 
component. 


The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis- 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their damping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 





AGNetIC | 
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Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 


Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 


Write for complete data. Centricores are avail- 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 





NIAGNETIC METALS COMPANY 
Hayes Avenue at 2ist Street, Camden 1, N.J. 
853 Production Place, Newport Beach, California 


transformer laminations « motor laminations + tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 
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CORNING CYFM CAPACITOR 
has reliability you can see 


You get total protection against environment for less money than ever before 


The new Corning CYFM capacitor gives you reliability at a markedly 
lower cost than that of any like capacitor. 

The CYFM goes far beyond MIL-C-11272B specs. It has proved its 
performance through more than 3,000,000 hours of testing. It took a 
50-day MIL moisture test and a 96-hour salt spray test with no measur- 
able effects. We stopped testing only when it became evident that no 
more significant data could be developed. The CYFM went through 
other tests, with solvents, fluxes, boiling salt, and steam, to make sure it 
is the most completely sealed capacitor you can buy. 

You'll see why the CYFM can take such torture when you check its 
design. We stack alternate layers of stable ribbon glass and aluminum 
foil. Then we weld the foils to the bead-terminal assembly, which has a 
glass bead sealed to the Dumet wire lead. With heat and pressure, the 
entire capacitive element is frozen in glass for complete protection 


against environment and for structured protection against physical 
shock. 

True glass-to-metal seals at the weld area and along the leads bar 
moisture. The seal of the leads to the glass shifts stresses from the leads 
to the entire monolithic unit, guarding the capacitance area. Of course, 
you get electrical performance to match this environmental stability, 
since the CYFM has our glass-foil capacitor construction. 

The CYFM is machine made . . . each capacitor is the same as every 
other, to give you uniformity which hand production cannot match. 

You can get immediate delivery on the CYFM in two types. The 
CYFM-10 gives capacitance values from 1 to 300 pf. The CYFM-15 
provides values from 220 to 1200 pf. 

For the rest of the story on this capacitor, send for our data sheet. 
Write to Corning Glass Works, 556 High Street, Bradford, Pa. 


This is the CYFM capacitor. 6 times actual size. The dark areas between the ends of the glass and the capacitance element are your visual proof of the complete glass-to-metal seal. 


CORNING ELECTRONIC COMPONENTS 


CORNING GLASS WORKS, BRADFORD, PA. 


MAY 1961 


Circle 132 on Inquiry Card 





Practical approach to compactness 
is demonstrated by this flame 
retardant, interphase insulating barrier 
for magnetic air circuit breakers. 
When the equipment was designed, 
CDF utilized its extensive knowledge 
of adhesives and post-forming 

to provide the barriers from a flame 
retardant, paper base phenolic 
laminate. 


Result: two pieces bonded together 
to provide three channels in one unit, 
reducing size and cost, yet 
maintaining effective electrical 
insulating properties. 


A few facts on the laminate: 
Flame resistance: ASTM D-635 

... Self extinguishing 
Water absorption, % 
Flexural strength, psi... 12,000 
Specific gravity 
Dielectric strength, parallel, kv... 40 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ® A SUBSIDIARY OF THE Burtt COMPANY 
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“Make It Smaller!” 


From miniature to sub-miniature to micro, the electronics industry is constantly 
striving to reduce the size of electronic components. As a result, there is an 
increasing demand for ceramic in smaller and smaller sizes. Coors is meeting this 
demand by making small-scale ceramic parts in mass production quantities at 
precision tolerances. Write for Design Data Sheet 7002, describing Coors manu- 
facturing methods and facilities for small ceramic parts, and latest examples. 


Or call your nearest Coors Regional Sales Manager: west Coast, William S. Smith, Jr., 
EM 6-8129, Redwood City, Calif.; Mipwest, John E. Marozeck, FR 2-7100, Chicago, Ill.; CentTrat, Donald 
Dobbins, GL 4-9638, Canton, Ohio; East Coast, John J. McManus, MA 7-3996, Manhasset, N.Y.; NEw 
ENGLAND, Warren G. McDonald, FR 4-0663, Schenectady, N. Y.; SourHwest, Kenneth R. Lundy, DA 7-5716, 
Dallas, Texas; SouTHWEST, William H. Ramsey, UN 4-6369, Houston, Texas. 


ALUMINA CERAMICS 


Coors Porcelain Company 


600 NINTH STREET e GOLDEN, COLORADO 
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NEW 


CANNON KPT/KSP MINIATURE 
DESIGNED 10 MIL-C-26482 


Quick disconnect plugs for aircraft, missiles, and all applications requiring miniature plugs. Our standard solder-pot ver- 
sions, including hermetic seals, are completely interchangeable with all bayonet-lock plugs designed to MIL-C-26482! 


Available from Authorized Distributors April 2nd 


Two shore resilient insulators molded out of two different 
hardness materials (polychloroprene) into a homogenous 
piece. The rear portion of the insulator is the softer in order 
that the conductors can be sealed properly, and the front 
portion is the harder to retain the snap-in contacts. The two 
shore insulator insures a continuous moisture and pressure 


ALSO KPT/KSP PLUGS WITH 


CRIMP SNAP-IN CONTACTS 
AND TWO SHORE INSULATOR. 


Maximum lead-in chamfer for positive alignment. 


MIL-C-26636 contacts (plating gold over silver) 


seal from front to back to provide superior electrical perform- 
ance at high altitudes. This method of sealing and contact 
retention offers the industry a most reliable crimp series meet- 
ing the requirements of MIL-C-26482. Write for catalog 
KPT/KSP-1 to: 


CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, Calif. 


MAY 1961 


Circle 136 on Inquiry Card 












"Our great new 


ELECTRO-TECHNOLOGY 


‘61 Mercs are built to give the finest performance 
in our history—so we naturally depend 
on G.S. Gears for our transmissions!” 


“I say ‘naturally’, because G.S. Gears are old friends at 
Kiekhaefer. We’ve used several millions of them in the 
Mercury motors we’ve built in the last twenty-one 
years—and they’ve given us a remarkable record of 
trouble-free power transmission.” 


Positive power control has always been a big “Merc” 
feature, whether in full forward-neutral-reverse types 
like the new 70 hp Merc 700 and 80 hp Merc 800, or direct 
reversing engines, the 70 and 80 hp Merc 700 and 800; 
so they are mighty concerned with the way transmis- 
sions hold up in actual use—and you wouldn’t believe 
the tasks some customers will set for their Mercs! 


again and again when they’re ready for new motors. 


Of course, this reliability means a lot to the plant, too. 
Production men know they can keep right on rolling 
without slowdowns—the G.S. Gear sets are right, and 
they’re there when needed. You see, G.S. is strictly 
precision- -minded—after all, we produce all kinds of 


*gears from the hefty, heavy-duty bevels used in power- 


house outboards to tiny, delicate spurs for the most 
complex instrumentations. But we have production 
know-how, too, and the equipment and personnel to 
pour out gears in a continuous flow without wandering 
from specs. And G.S. experts are always available to 


work-with your engineers on developing new ideas or 
better methods. 


So, if your products involve small Gearing, you can’t do 
better than to call in G.S. — it’s great to have a source 
that keeps both your plant and your customers happy! 


That’s why Kiekhaefer is glad to know that they can 
keep counting on G.S. Gears for the same quiet, 
positive gear action their customers are used to. It’s 
that kind of satisfaction that brings customers back 


YOU'LL FIND G. Ss. GEARING 
IN TOP QUALITY PRODUCTS LIKE THESE... 


Adding Machines « Aircraft Carburetors & Fuel Metering Systems « Air- 
craft Instruments and Radios « Automatic Musical Instruments * Automation 
Systems « Business Machines « Check Signing & Protecting Machines « 
Clippers for Barbers, Animal Shearing & Hedge Trimming « Cloth Cutting 
Machines * Coin Changers & Counters * Communication Equipment « 
Control Mechanisms « Electric Fans « Electric Motors * Floor Polishers, 
Sanders, Scrubbers, Sweepers * Food & Drink Mixers, Blenders * Home 
Appliances *« Lawn Sprinklers * Machine Tools « Meat Tenderizers, 
Grinders, Slicers + Military Equipment * Motion Picture Cameras & 
Projectors « Optical Instruments * Outboard Motors « Pneumatic Produc- 
tion Tools « Radio & Radar Tuning Assemblies * Radio Anti-backlash 
Gears + Range Finders * Record Changers « Sewing Machines « Steel 
Strap Stretchers +» Step Switches *« Tapping, Drilling & Threading Equip- 
ment « Telephone Dials + Television Sets * Thermostatic Controls « 
Typewriters « Vending Machines » Washing Machines. 


AN ER 


Sy CLUES 


2635 WEST MEDILL AVENUE 


SEND FOR G:.S. illustrated folder! See where and how 
we mass-manufacture Small Gearing to uniformly fine toler- 
ances. Folder contains 23 pictures of Small Gears, plant view, 
as well as Diametral and Circular Pitch Tables. Ask for your 
copy on company stationery, please! 


G0 Yeas of cfpecialying tn Small Geating/ 


CHICAGO 47, ILLINOIS 


SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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New Relay 
from RBM 








Designed for high speed 





No soldering 


Small Size 







3. Wire contacts 
“A'"—> 


4. Program connectors 


5. 


Rugged snap-in 
plug assembly 


6. Rack mounting 


Consult Your Local RBM Product Application Engineer or Write for Bulletin 2000 








Compact, Rugged, Proven Reliable 


THE DIRECTOR 


TYPE 81 WIRE CONTACT RELAY 














Specifically designed to direct or set-up circuits in 
the logic or arithmetic section of computer and 
business machines. The RBM “Director” has also 
demonstrated itself ready to perform in similar 
applications where the basic function of the contacts 
of one or more relays sets up a circuit, but is not 
required to make or break that particular circuit. 
Typical uses would be controls for automation, 
railway signaling, traffic controls, chemical process 
controls, annunciators and many others. 


and long life (200 million operations). 


1. Plug-in terminal and mating terminal block eliminates 
messy soldering and maintenance problems of old fashioned 
telephone type relays. 

2. Symetrical shape and rugged design provides for minimum 
mounting space and maximum protection to moving parts 
when handling. 

3. Armature contacts consist of two silver alloy wires per 
pole providing highly reliable redundant contact surfaces. 
4. With plug-in connectors “‘A’} relay contacts can be “pro- 
grammed” to suit specific circuit requirements. 

5. Special hardware available allowing for mating terminal 
block assembly and easy mounting on chassis or rack. 

6. The Type 81 relay can be easily assembled in groups, sim- 
plifying wiring and ease of programming. Requires minimum 
rack or chassis space. 


TYPE 81 SPECIFICATIONS 


Contact Form 4 PDT 
Contact Rating 3 amp. (carry only)* 


Contact Material (Std.) Eutectic Alloy—Silver-Copper 


Operating time (Nom.) 


5.5 milliseconds max. inc. bounce 
Life 200 million operations 

Coil Form Single or Double Winding (Pic & Hold) 
Coil Voltage 20 volts D.C. thru 115 volts D.C. 
Coil Power 4 watts max. 
Breakdown Voltage 1250 volts RMS 60 cycle to frame 
Ambient Temperature 50°C 

Weight Approximately 1% oz. 
Overall dim. (Approx.) Including plug—2'%” x %” x 2” 


*Consult Factory for Ratings for Making and Breaking Loads. gm 





ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 


oH RBM Controls Division 


Factories Located at North 


Manchester and Logansport, Indiana 
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LOWER PRODUCTION COSTS START HERE 


. with Spaulding Value Analysis Engineers 


Putting Their Heads Together Over Your Product. 


.... Here’swhy... 


Spaulding Interprets the 
Value Analysis Process as 
“A Scientific Method of 


Accomplishing a Function at 


the Lowest Possible Cost."’ 





That's why Spaulding maintains 125 specially trained Value Analysis Engineers on its sales staff who 
evaluate a customer's product, then decide how it can be made better, easier, and at a lower cost through 
the use of a Spaulding Material, processed by Spaulding’s own Fabricating Department. 


These men save Spaulding’s customers thousands of dollars annually. Why not let them put their heads 
together for you? 


THE UNIQUE CHARACTERISTICS OF THESE SPAULDING MATERIALS 
AND SERVICES HOLD IMPORTANT ADVANTAGES FOR YOUR PRODUCTS 


Spaulding Vulcanized Fibre 


Made for industrial applications 
Hard, dense, extremely wear resist- 
ant. One of the best arc-resistant, 
electrical and heat insulators known 
to industry. Furnished in sheets, rods 


and tubes 


Spauldite 


Industrial Plastic Laminates. A lami- 
nated material of paper, fabric or 
other base sheets impregnated with 
synthetic resins to form a combina- 
tion of electrical and mechanical 
properties unsurpassed for industrial 
applications. Furnished in sheets, 
rods and tubes. 


Spauldo 


A superior thin electrical insulation 
made from 100% cotton rag stock. 
Glazed to a smooth finish. Flexible, 
tough, extremely resistant to edge- 
tearing. Furnished in sheets, rolls, 


coils and slot cells. 





Spaulding T 


A very high grade Fibre Board, also 
known in industry as Pressboard, 
Transformer Board and Fuller Board. 
Used chiefly in oil filled power and 
distribution transformers. Furnished 


in sheets 


Spaulding Armite 


An improved THIN Vulcanized 
Fibre insulation (Fish Paper) es- 
pecially characterized by high di- 
electric strength and toughness. 
Adapted to the most difficult form- 
ing and bending operations. Fur- 
nished in sheets, rolls and coils. 


Spaulding Fibre Board 


Made by the wet process, from se- 
lected fibrous materials in various 
grades to meet specific requirements. 
Exceptional dielectric and mechan- 
ical strength. Furnished in sheets. 


Fabrication Facilities: Undivided Responsibility from Manufacture to Finished Part: Spaulding’s Fabrication 





Division offers the most complete facilities in the industry. Our fabricating service engineers, production experts and skilled 
machinists with their combined talents and thorough knowledge of Spaulding Products mean better finished parts for you. 
Spaulding fabricating facilities are located at 
Tonawanda, N. Y., North Rochester, N. H., Los Angeles, Calif. and, in Canada, at Toronto, Ontario. 


To arrange an Appointment for Spaulding’s Value Analysis Service, contact: 


SPAULDING FIBRE COMPANY, 


315 WHEELER STREET, TONAWANDA, NEW YORK 


INC. 


See the Spaulding Value Analysis Display Booth 939, Design Engineering Show, Cobo Hall, Detroit. 





A clear, solventless liquid, General Electric 
clear LTV-602* cures at 75-80°C to form 
a resilient compound with excellent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards. 


*Low Temperature Vulcanizing 


General Electric clear LV silicone compound 


for potting and embedding 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “geblike” 
potting materials, LTV-602 cures to a flex- 
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C. 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 


Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confirm LTV’s 
resistance to moisture and water immersion. 


LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section K540, Waterford, New York. 


GENERAL @® ELECTRIC 
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Mallory imagination 
in resistors 
may cut your costs 


Example: a Mallory custom-engineered dual 
vitreous enamel power resistor. Takes the 
place of two separate resistors of different 
values. Cuts component cost, handling cost, 
wiring and assembly cost. 


Let our engineers take a value-minded look 
at your resistor requirements. We’re full of 
cost-saving ideas. And we have a complete 
line of vitreous resistors to fit your needs, 
from 3 to 240 watts, fixed, adjustable and 
multi-tap ... including types qualified under 
MIL spees. Write or call Mallory Controls 
Company, Frankfort, Indiana. 


A division of 


METERS 
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wire-wound 
controls 


Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


...at factory prices... 


from these Mallory 
Industrial Distributors... 


ARLINGTON, VA. 
Rucker Electronic 
Products 


BOSTON, MASS. 
Cramer Electronics 
Lafayette Radio 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


ORLANDO, FLA. 
East Coast Radio 


PALO ALTO, CALIF. 
Zack Electronics 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 
Bruce Electronics 


See Mallory Controls Company for 





carbon power selector plugs 
controls rheostats switches & jacks 
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Beiden Lead Wire 
is easy to strip 
and 


solders readily without insulation 
shrinkage. 


maintains its color identification 
through baking cycles and 
impregnations. 


reduces process inspection. 


gives long service life. 


Complete stock line of UL voltage 
and temperature rated wire shown in 
Catalog L59. 
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WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


BELDEN .. . one wire source for everything 
electrical and electronic 


magnet wire ® lead wire * power supply cords ¢ 

cord sets * portable cordage ® electronic wire ¢ 
automotive replacement wire and cable aircraft wire © 
electrical household replacement cords 











\ New steels are / 
born at , 
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Why Designers of Apparatus, from Accelerators 
to Electronic Transformers, Use Armco TRAN-COR A-6 


60 


Armco A-6 Electrical Steel is specified 
for a wide range of electrical apparatus 
because its unique combination of prop- 
erties best meets design and production 


requirements. 


TRAN-COR A-6 has high permeability, particu- 
larly at low and moderate inductions. Mini- 
mum permeability of 2150 at 100 gausses is 
certified. And, every shipment is production 
tested for this magnetic property. 


In addition to excellent permeability, 


Armco A-6 has low core loss, reasonably 


2. 


uniform properties in all directions, and 
adequate ductility for punching. 

This special Armco Electrical Steel is 
produced in 29 and 26 gage 
in welded coils or cut 
lengths, with or without 


standard or special Armco 
For 


surface insulations. Design better 
, electrical 
curves are available to help apparatus 


you make most effective use of A-6. Write 
us today for complete information. Armco 
Division, Armco Steel Corporation, 1741 
Curtis Street, Middletown, Ohio. 


ARMCO Armco Division 
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Panel space saved when General Electric start- 
ers are used (layout uses full-scale templates). 


The Size of This Panel Shrunk 12%, Construction Costs Dropped 
When General Electric Starters Were Used 


The panel above was first laid out with another make magnetic starter. Then, General Electric starters were substituted, and 
size was reduced 12 percent. Space savings like this mean important savings in steel and construction costs. You might even 
make the panel an integral part of your machine rather than mount it separately. Or perhaps you'll be able to use a standard 
enclosure rather than a larger, more costly special. Since G-E starters are smaller and have full-front 

accessibility, you can locate wiring channels closer together, considerably reducing vertical panel 

space. Your G-E sales engineer can show you many more MEASURABLE ADVANTAGES. Call 

him today, or write for Publication GEA-7020. General Electric Co., Section 811-17, Schenectady 5, N.Y. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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HOW TO INCREASE CIRCUIT 


HIGH VOLTAGE / 


MILITARY SERVOS 


TI _2N1714 AND 2N1718 SERIES GIVE YOU EXCLUSIVE “THERMOSLUG” 
PACKAGE/GUARANTEED 10-WATTS AT 100°C CASE/GUARANTEED 
BV ceouss) OF 60 AND 100 VOLTS. 


TI 2N1722 AND 2N1724 SERIES GIVE YOU EXCLUSIVE 0.5 OHM R-.;/GUAR- 
ANTEED 80-VOLT BV cro (ous) /GUARANTEED BETA AT TWO CURRENT 
LEVELS. 































Now — four improved N-P-N silicon power transistor series to meet high voltage/high 
temperature requirements — particularly where your present devices are taxed beyond their 
temperature and voltage capabilities! These new power devices give you a wide choice of 
excellent power characteristics plus dissipation ratings from 10 to 50 watts at 100°C case 
temperature. Specify these new power transistors today for your power converters, servo 
amplifiers, regulated power supplies, relay drivers, inverters, choppers, and high-current, 
medium-speed switching designs in missile, airborne and communications applications. 


75 watt, 400 cps servo TI12N1714 AND 2N1718 SERIES The 


N-P-N 2N1714 and 2N1718 “Thermoslug”’ 








' 
' 
* : eae 

amplifier series give you 10-watt dissipation at 
=>" +4 «100°C case temperature with minimum 
\ oe | ia voltage ratings of 60 and 100 volts. You get 
a@ T ier i ! guaranteed d-c betas of 20 — 60 and 40 — 
ao [pnd 5 be le by —? | 120, with a low Vue of 1.6 volts maximum 

is TK) pees | ; : , 
12 . | | 4 plus exclusive guaranteed low-current and 
Fe : ‘44 a Er ieee | +i | low-temperature betas. Electrically identi- 
=. | | | cal, both the 2N1714 and 2N1718 series are 
} —___| | } available in either the “Thermoslug” TO-5, 
se | or the double-ended stud high-efficiency 

ie | package. 
meteor 1980 mn | Use TI 2N1714 and TI 2N1718 series to 
Aathes Reepucten Seage -S0Ct> +. 100" ! replace these transistor series in your new 
ee 4 designs: 2N497, 2N545, 2N1479, and 2N696. 
*For more information on this and other power transistor applications, write for TI data sheet 61433. 
gn WSTROUTOR 5, INDUSTRY'S BROADEST LINE OF TRANSISTORS 
= So 


¢ General Purpose « Small Signal « Switching « High Frequency 


3D 


"ELiveny . eee 


4, 
“iry 


%, e Intermediate Power « Power « High Power « Industrial 


17905 


EFFICIENCY IN YOUR 


IGH TEMPERATURE 


& POWER SUPPLIES 


Intermediate | BVcco | hee | tee | Vee | Veep | BVe80_| 
Power flee Flow oie ae ee eee eee 


2N1714, 2N1718 20 min 60 max 1.6 v max 2.0 v max 


2N1715, 2N1719 100 v min 20 min 60 max a 1.6 v max 2.0 v max 


2N1716, 2N1720 | 60vmin | 40 min 120 max | L6vmax | 20v max 
2N1717, 2N1721 100 v m min 40 min 120 n max 1.6 v max 2.0 v max 














High Power 


Tl 2N1722 AND 2N1724 SERIES You 
get high power, high frequency response, 
high voltage, and low Res with TI 2N1722 
(square-flange) and 2N1724 (double-ended 
stud). These high-current silicon power 
devices give you 50 watts of power dissi- 
pation at 100°C case temperature, guar- 
anteed|hr.| greater than 1 at 10 me, and 
80-volts BVcxowuse. The maximum Vopr of 
2 volts and maximum Res of 0.5 ohms, both 
guaranteed at 2-amps collector current, 
improve overall circuit efficiency. 


Use TI 2N1722 and TI 2N1724 to replace 
these transistor series in your new designs: 
2N389, 2N1487, 2N1511, 2N1660, 2N1015 and 
2N1616. L 


- 
120 watt, 10 Ke de-de sicaciausaatl 


C it Characteristics at 120 w Power Output: 


input Current — Se 

Total Efficiency — 85% 

Self-Starting and Short-Circuit Protected 
Output Ripple — 0.6 v max 


Dh nnn enenetitieetmpeninennesiehtinini ene meee 


+For more information on this and other power transistor applications, write for TI data sheet 61431. 


SEMICONDUCTOR-COMPONENTS Ee rc, TEXAS | N ST RU M EN TS 


DIVISION 


PLANTS IN DALLAS. TEXAS * I INCORPORATED 
SECTORS. ENSLANS Saat 13500 N. CENTRAL EXPRESSWAY 
AND NICE. FRANCE P 

P.O. BOX 5012 DALLAS 22. TEXAS 
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The switch is to decorated Beetle” Urea Plastic. Now you can mold multi- 


colored decorations into switch plates, stove hardware, business machine keys, temperature indicator knobs, 
electrical appliance housings, and countless other products—and maintain production economy! By incor- 
porating a patterned, resin-impregnated foil during the molding process, you avoid costly after-decoration. 
The pattern becomes part of the molded Beetle Urea plastic. It won't chip off, scratch off or wear off. 
And you still enjoy these proven Beetle plastic advantages: resistance to detergents, oils and grease; arc- 
resistance; track-resistance; good dielectric strength; surface hardness; stain resistance; wear-resistance; 
unlimited range of colors. Write for complete information or call your local Cyanamid representative. 
AMERICAN CYANAMID COMPANY —E¥ANAMID > PLASTICS AND RESINS DIVISION 


Wallingford, Connecticut. Offices in: Boston - Charlotte - Chicago + Cincinnati + Cieveland + Dailas + Detroit + Los Angeles 
+ Minneapolis + New York + Oakland + Philadelphia + St. Louis - Seattle + in Canada: CYANAMID OF CANADA LIMITED, Montreal + Toronto 
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OHMITE 


Tantalum Slug 
Capacitors 


NOW=+10% 


Down ...down... down to + 10%. Ohmite now offers this low “*K” 
tolerance as standard for all three commercial, “hat-shape” slug 
capacitors. 

Resulting from advanced manufacturing processes and quality 
control techniques, this new engineering development improves 
previous broad tolerances of —15+20% and —15+50%. 

Ohmite also supplies the three “hat-shape”’ sizes—T1, T2, T3— 
in S and T tolerances according to the latest requirements of MIL- 
C-3965B, styles CL44 and CL45. 

For the complete picture of Ohmite’s big, full line of wet-electrolytic 
tantalum slug capacitors, request Bulletin 159F today! 


aeivinges OHMITE MANUFACTURING COMPANY 
3613 Howard Street, Skokie, Illinois 


Rheostats Power Resistors Precision Resistors 
Variable Transformers Tantalum Capacitors 
Tap Switches Relays R.F. Chokes 

Germanium Diodes Micromodules 
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Fast Delivery of MIL and Commercial Stock 
Values From Factory and Distributors 





© Because Cornish makes 
the most complete line of 
ed components in the 

ever your partic- 

need, you can 

sh molded 

fit en Be- 

rnish can make 
components to 

order. If Cornish 

ready have ex- 

nt, you 

igineers 

n devel- 

molded 

components of rubber or 
plastic. Because all Cor- 


SP 
CO 


i) CORD SHS} 


F WITH MOLDED) 
7 COMPONENTS 
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nish molded components, 
even custom-made, can be 
furnished in various colors 
to meet your spe atio 
Your name or trademark 
may also be molded on the 
plug With all Cornish 
molded components, you 
set the advantages of su- 
rb engineering ability 
d more than 40 years of 
ipplied to the 
olution of your special 
problems. Write us today 
for complete information. 
Wy 


Cornish Wire Co.,Inc.,[3| 
50 Church St.,N.Y. 7. | 
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AN UNDUSTRIAL 
UM Tsh 


FOR AUTOMATIC CONTROL 


At the heart of the new, high capacity STOKES BLOW MOLDER 


The production of holtow.plastic artictés 
(containers, dispensers, etc.) has been boosted 
immeasurably with the development of “High 
Capacity Stokes Dual - Manifold Blow Molder’’. 


And at the™heart of the system is an Industrial 
Timer Corporatton timing device to provide the 


precise control of each™eyele.of processing, mens vant exes enpeinie thane 


Wherever precise timing controls are required in 
industrial processes, or in equipment, Industrial 
Timer Corporation has the wide range of instru- 
ments, the wide experience in applying them, that 


i canendl 
— 
ss 


If timing is of the essence ... take the time to 
conSult_an Industrial Timer expert. 


assure the perfect answer to your problem. | & 


enema , 
INTERVAL TIMERS TIMER DELAY TIMERS 
Phone or wfitte.us. 


INDUSTRIAL INDUSTRIAL TIMER CORPORATION 


CORPORATION 1402 McCarter Highway, Newark 4, New Jersey 


Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA LIMITED + 3 Hamilton Ave., Ottawa, Canada * PA 8-4681 


Circle 149 on Inquiry Card 





What can you do with sub-fractional h.p. 


motors with this versatility? 


@ SINGLE OR TWO-PHASE CONNECTIONS... 





@ SPECIAL WINDINGS FOR VOLTAGE, FREQUENCY AND 





IMPEDANCE REQUIREMENTS... 
@ WITH OR WITHOUT GEAR TRAINS... 


@ TWENTY GEAR RATIOS AVAILABLE 


offers a very broad line of sub-fractional 

horsepower instrument motors ranging from 
BORG 1/750th to 1/2000th horsepower. In the 
_— beginning these motors were developed to 

meet specific customer requirements. Once 
developed, it occurred to us that there were probably other 
original equipment manufacturers who would be interested 
in a motor with these or similar characteristics. We were 
right. Borg Motors are becoming increasingly popular 
among mechanical and electrical/electronic engineers who 
are looking for sub-fractional horsepower motors with ex- 
treme precision, ruggedness and reliability. 


What makes Borg Motors different? Probably the most 
important single factor is their inherent versatility. They 
can be operated two-phase, or split-capacitor-connected for 
single-phase operation from a 115 volt, 60 cycle source. 
They are available with or without gear trains. If gear trains 
are desired, Borg offers twenty gear ratios from 6 : 1 to 
1800 : 1. They are available with special windings to meet 
special voltage, frequency, push-pull operation and imped- 
ance requirements. And they are reversible. 


Another important advantage is the speed/torque ratio. 
Following are two typical speed/torque curves for the new 
Low Inertia 1060 Series (curves are for single-phase opera- 
tion): 


Model 1063 


Model _ 1065 







Speed RPM 
y 


Torque Oz. Inches 


BORG EQUIPMENT DIVISION 


Amphenol-Borg Electronics Corporation 
Janesville, Wisconsin ¢ Phone Pleasant 4-6616 


t Potentiometers ° Turns-Counting Microdials Sub-Fract 
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onal Horsepower Motors ° Frequen 


No Gear Train 





Following are further breakdowns be- 
tween the 1063 and 1065 models. These 
performance figures are representative 
(though not necessarily the same) for the 
entire Borg line: 


Model_1063 
115 v/60 eps, single phase 
12 watts input at stall 

No-Load Speed ............. 1600 RPM 
D.C. Resistance .. .550 ohms each winding 
Impedance .. . 

2700 ohms each winding at stall 
Effective Resistance at Unity Power 


Factor .......5500 ohms each winding 
Rotor Moment of Inertia ... .10 oz./in.* 
Dimensions .. . 

(housing) 2-9/16” x 2-9/16” x 2-1/64” 

Model 1065 


115 v/60 cps, single phase 

14 watts input at stall 
No-Load Speed ............. 1600 RPM 
D.C. Resistance ..400 ohms each winding 
Impedance... 

1700 ohms each winding at stall 
Effective Resistance at Unity Power 

Factor . .2800 ohms each winding at stall 

Rotor Moment of Inertia ... .13 oz./in.* 
Dimensions . .2-9/16” x 2-9/16” x 2-1/64” 


We would like to send you engineering 
data on the complete line of Borg Motors. 
We think this kind of material should be 
in the file of every engineer who has or may 
someday have a need for such an exception- 
ally well-made motor. If you prefer you 
may get this engineering data from your 
nearest Borg technical representative or 
distributor. Ask for catalog sheets BED- 


A139 and BED-A165, 


BORG 


cy and Time Standards 
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RCA Announces 2N1905, 2N1906 


NEW 


- 50 watts dissipation at 25°C 
- 10 amps collector current 
Sa TALOM ena CHR GOR Ye 


Two new low-priced p-n-p drift-field power types, RCA 2N1905 and 2N1906 offer high-power, high- 
speed performance that now makes these transistors practical for a broad, new range of applications 





Now, out of RCA’s pioneering background in drift- 
field transistor development, comes another sig- 
nificant advance.,.new low-cost, high-power drift- 
field transistors available in large quantities. These 
new germanium types feature high power and high 
current plus: 

HIGH SPEED,,.extremely short rise and fall times 
at high values of Ic...less than 1 psec. 

HIGH MINIMUM DC BETA...50 for 2N1905, 75 
for 2N1906, 

LINEAR GAIN CHARACTERISTIC over entire col- 
lector-current range made possible by RCA’s dif- 
fused-collector, graded-base construction. 
BROAD APPLICATION...Mechanically inter- 
changeable with present TO-3 packages. ..espe- 
cially useful in high-power, high-speed switching 
circuits ...in de-to-de converters, inverters, data- 
processing equipment, ultrasonic oscillators and 
in large-signal, wide-band, linear amplifiers. 


Available Through Your 
RCA Distributor 


HIGH TYPICAL GAIN-BANDWIDTH PRODUCT 
7.5 Me. 

LOW BASE RESISTANCE for high power sensitivity. 
LOW PRICE... Also available in large production 
quantities. 

EXTRA RELIABILITY...Welded construction, elimi- 
nation of eyelet-type pin insulators, greater uni- 
formity of characteristics from unit to unit. 
IMPROVED HEAT TRANSFER, .. Flat-Mounting- 
Flange case with smooth bottom surface provides 
uniform, total-flange contact with chassis. Mount- 
ing flange serves as the collector electrode. 
Thermal Resistance is 1.5°C/watt max. 


Call your RCA representative today for full price 

and delivery information. For further technical 

data, write RCA Semiconductor and Materials 
Division, Commerci*!l Engineering, Section E 
54-NN, Somerville, N. J. 


MAXIMUM RATINGS, ABSOLUTE MAXIMUM VALUES 


2N1905 


Collector-To-Base Voltage —100 voits 


Collector-To-Emitter Voltage 


With Base Open 40 volts 


Emitter-To-Base Voltage —1 volt 


Collector Current 10 amp. 


Base Current 3 amp 
Transistor Dissipation 
For Mounting-Flange 
Temperature Up to 25°C 50 watts 


Temperature Range: 


Storage +100°C 


Operating (Junction) +100°C 
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Value-minded Mallory engineering 


BEFORE 


SAVED: 8.71 MAN-HOURS / 1000 AS- 
SEMBLIES, by Mallory design changes 
in this heavy duty contact assembly. 
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stretches your contact dollars 


MAY 1961 


BEFORE 


COSTS CUT 20%: Mallory engineered 
circuit breaker plunger for lighter weight, 
greater strength, simpler production. 


Circle 151 on Inquiry Card 


You might be surprised at the savings that 
Mallory engineers can squeeze out of the elec- 
trical contacts you’re using. Maybe a slight 
change in design will permit elimination of 
some assembly operations. Maybe a different 
contact or backing alloy may reduce materi- 
als or fabrication costs, without sacrificing 
performance. Or a new look at your contact 
assembly may permit production by auto- 
mated equipment. 


Our contact engineering specialists have long 
experience in analyzing contact designs. They 
know how to cut costs without cutting 
corners. Let them take a look at the contacts 
that go into the products you have on your 
production line or on your drawing boards. 
You can’t lose. And you may save a lot. 


Mallory contact service gives you... 


Materials: choice of 147 different contact 
materials. 


Engineering: value-conscious application assis- 
tance. 

Fabrication: complete, modern facilities for con- 
tact assembly production. 


Our consultation service is available from 
Mallory offices throughout the country. For 
the address of our nearest office, write 
Mallory Metallurgical Company, P. O. Box 
1582, Indianapolis 6, Indiana. 


a division of 


MALLorY 
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by CARBORUNDUM’ 


Photo-electric street light controls 
protected against transient voltages 
by Carborundum’s Varistors 


Millions of street lights are now 
switched on and off automatically by 
photo-electric controls such as the 


Lumatrol® unit made by Micro Bal- 
ancing Inc., Garden City Park, Long 
Island, N. Y. 


Basic components are a cadmium 
sulphide cell in series with the heater 
winding of a thermally actuated snap 
switch. Resistance of the cell, which 
changes with light, controls current in 
the heater winding around a bimetal 
strip and thus operates the switch. 


While cells are quite rugged, they 
are extremely sensitive to over-volt- 
age caused by switching transients or 
static discharges. To guard against 
damage, Lumatrol controls make use 
of the voltage-sensitive resistance 
characteristic of Carborundum’s 
GLOBAR varistors. These are silicon 
carbide resistors which exhibit an 
instantaneous decrease in resistance 
with an increase in applied voltage. 


Precision tuners use CARBORUNDUM CERAMIC SHAFTS 


Shown above is a rotor of a precision- 
RF tuning device used in a military 
transmitter-receiver unit. It is manu- 
factured by the Radio Condenser 
Company, Camden, N. J. 


The ceramic shaft with attached 
brass bands, nose piece and bearing 
sleeve is supplied by Carborundum’s 
Latrobe Plant. 


Proper meshing of the gears re- 
quires that concentricity between the 
nose piece and the bearing surfaces be 
held to .0015 T.I.R. and concentricity 


between the rotor sleeves be held to 
.002 T.I.R. The ball race must have an 
eight micro inch finish to meet Gov- 
ernment requirements. Extreme pre- 
cision must be maintained to avoid 
changes in capacitance during opera- 
tion of the unit. 


Precision ceramic or ceramic-to- 
metal assemblies like this are a spe- 
cialty of our Latrobe Plant. If you 
have any problems of this kind, write 
to Dept. ETC-51, Latrobe Plant, Re- 
fractories Division, The Carborundum 
Co., Latrobe, Pa. 


Circle 153 on Inquiry Card 
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For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors . . . count on CARBORUNDUM® 
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PHOTOCONDUCTIVE 
CELL 
NEUTRAL 


LIGHTNING 
ARRESTER 


FOLLOW UP 
CURRENT LIMITERS 


LOAD 


Connected across the cadmium sul- 
phide cell and from line to neutral, 
they effectively bypass harmful tran- 
sient voltages. 


If you have any application requir- 
ing surge voltage or similar protec- 
tion, maybe Carborundum varistors 
can help. For information on types 
and sizes, write Dept. ETV-51, Globar 
Plant, Refractories Division, The Car- 


borundum Co., Niagara Falls, N. Y. 
Circle 152 on Inquiry Card 


NEW BOOKLET AVAILABLE ON 
GLOBAR® Type BRN VARISTORS 


Non-linear, voltage sensitive resis- 
tors are finding many applications 
for stabilization or voltage control 
in electronic circuits. This booklet 
gives full information. For your 
copy, write Globar Plant, Refracto- 
ries Division, Dept. ETV-51, Carbo- 
rundum Co., Niagara Falls, N. Y. 
Circle 154 on Inquiry Card 
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chart paper 


there 


IS 
—_ brush INSTRUMENTS 


= 
DiviSiOn OF 
qd | tfe re C 37™ AND PERKINS CLEVELAND 14, OHIO 


Only Brush Chart Paper is designed as an integral component of precisely engineered Brush Direct 
Writing Recording Systems. The full potential of these systems cannot be realized unless all 

of the original components are utilized. They’re engineered as a total entity. Imitation papers cannot 
match the precision ruling, dimensional stability and super-smoothness of Brush Chart Paper. 

Take no chances—specify Brush and you can rely on your records being accurate, permanent, easily 
read and easily reproduced. Stocks available from strategically located branches and 

sales representatives throughout the United States and Canada. 


Write for samples 
of actual tracings on 
Brush Chart Paper. 
Ask for 
“Brush Engineered 
Recording Supplies’”’. 








New Line of Precision 
Toroidal Inductors 
For Practically 

Every Application 


Designed for use in commercial, 
industrial, and military apparatus, 
Sprague Precision Toroidal Inductors 
are customarily supplied to the close 
inductance tolerance of +1%. The 
broad line of Sprague inductors in- 
cludes such styles as open coil, plastic- 
dipped, rigid encapsulated types with 
tapped or through-hole mounting, and 
hermetically-sealed inductors. 

All styles, with the exception of the 
open-coil type, meet the requirements 
of Specification MIL-T-27A. 

Several core permeabilities may be 
obtained in each of the five basic sizes 
of Sprague inductors to give the cir- 
cuit designer the optimum selection 
of desired Q and current carrying 
abilities. Each of the core sizes is 
available with several degrees of stabi- 
lization. Inductors made with cores 
which have not been subjected to the 
stabilization process exhibit low in- 
ductance drift with time and have a 
low temperature coefficient of induct- 
ance. Where a greater degree of per- 
manence of characteristics is required, 
cores with two different stabilization 
treatments can be used for most types 
of inductors. 

Sprague toroidal inductors may be 
operated from —55C to +125C. Tem- 
perature cycling of finished inductors 
is a standard production procedure in 
order to equalize internal stresses and 
insure permanence of electrical char- 
acteristics. 

For detailed information on Sprague 
Precision Toroidal Inductors, write 
on company letterhead for portfolio 
of engineering data sheets to Techni- 
cal Literature Section, Sprague Elec- 
tric Company, 307 Marshall Street, 
North Adams, Massachusetts. 










Something 


ra 


in counting 
techniques! 


Sprague type 7321 
core-transistor 


DECADE 
COUNTERS 


Here is a simple yet versatile, low-cost 
yet reliable component for counter ap- 
plications. Counting to speeds of 10 kc, 
the 73Z1 decade counter provides an 
output signal for every 10 input pulses, 
then resets in preparation for the next 
cycle. For higher counting, two or more 
counters may be cascaded. Typical char- 
acteristics are shown below. 


CHARACTERISTIC; INPUT | OUTPUT 


1.5 to 8 volts 6.5 volts 
1 sec min. 35 sec 
100 ohms 20 ohms 


Amplitude 
Pulse Width 
impedance 





Utilizing two rectangular hysteresis 
loop magnetic cores and two junction 
transistors to perform the counting op- 
eration, the 7 3Z1 counter is encapsulated 
in epoxy resin for protection against 
adverse environmental conditions. It has 
five terminals —B+ (12v +10%), in- 
put, output, ground, and manual reset. 

The 73Z1 counter is available as a 
standard item. However, ‘customer 
engineered” designs can be supplied 
when other counting cycles, speeds, and 
package configurations are required for 
special applications. 

For complete technical data or applica- 
tion assistance on the 73Z1 counter or other 
Sprague components, write to Special 
Products Division, Sprague Electric Co., 


307 Marshall St., North Adams, Mass. 
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New Nanosecond* 
Pulse Transformers 
for Ultra-miniature, 
Ultra-high Speed 
Applications 


e 





Digital circuit designers will find 
the new Sprague Type 43Z Nanosec- 
ond Pulse Transformers of consider- 
able interest. These tiny transformers 
have been carefully designed for the 
all-important parameter of minimum 
rise time at high repetition rates up 
to 10 mc. 

The new Type 43Z series is com- 
prised of a broad line of 72 pulse 
transformers in 10 popular turns ra- 
tios. They are Sprague’s latest addition 
to the most complete listing of pulse 
transformers offered by any manufac- 
turer for use in digital computers and 
other low-level electronic circuitry. 

Type 43Z Pulse Transformers are de- 
signed so that the product of leakage 
inductance and distributed capacitance 
is ata minimum. They are particularly 
well suited for transformer coupling 
in transistor Circuits since transform- 
ers and transistors are very compatible 
low impedance devices. Nanosecond 
transformers are equally suitable for 
transmission line mode of operation, 
in twisted-pair transmission line cou- 
pling, and in regenerative circuits. 

The epoxy-encapsulated “pancake” 
package is excellent for both etched 
wire board or conventional chassis 
mounting. To simplify etched-board 
design, these ultra-miniature pulse 
transformers are available with leads 
terminating at the side or the bottom 
of each unit. 

For complete technical information 
on Type 43Z Nanosecond Pulse 
Transformers, write for Engineering 
Data Sheet 40235 to Technical Liter- 
ature Section, Sprague Electric Co., 
307 Marshall St., North Adams, Mass. 


*millimicrosecond 


Circle 157 on Inquiry Card 





Electro-Technology 


Formerty Electrical Manufacturing 


Competitive Strength— 
The Aim of All Design Engineering 


WHat crITERIA should be set up in designing prod- 
ucts and systems for a competitive market? At 
what engineering levels are true costs brought into 
focus, evaluated and controlled? What is engineer- 
ing economy in the light of today’s fast-moving 
technology? These questions arise out of the theme 
of the Sixth ASME Design Engineering Confer- 
ence*—“Designing for a Competitive Market”— 
with which this special issue of ELEectro-TEcH- 
NOLOGY is identified. From the beginning, this pub- 
lication (under its predecessor name, Electrical 
Manufacturing) has associated itself with the 
planning and execution of these conferences be- 
cause we wish to serve the various functions of 
design-engineering activity engaged in by our 
readers. 

To answer the above questions and to relate the 
contents of this issue to them, we first need to 
define the field of design engineering and the basic 
philosophy of the publication with respect to it. 


* To be held in Detroit, May 22-25, 1961 


The accompanying chart defines the upper and 
lower limits of this activity. The creative activities 
which our publication serves can be considered as 
a link between pure science and research, top of 
chart, and fabrication/production, bottom. The 
two primary channels leading down from the realm 
of pure science are: (1) the engineering sciences 

the perception of patterns and order, to permit 
projection beyond observed facts; and (2) re- 
search—the directed observation, measurement and 
comparison of facts to provide data for engineering. 
These two streams blend to become applied engi- 
neering, which feeds results (designs) to the realm 
of production and manufacture. 

Too often, cost-reduction programs to meet com- 
petitive situations are related specifically to reduc- 
tion in production costs. That phase is but a small 
part of the total and is largely outside the scope 
of the design-engineering function — except, per- 
haps, for the work done on the drawing board. 
There, modifications in design of mechanical parts 


REGION OF “PURE SCIENCE” AND “PURE RESEARCH” 


SCIENCES OF ENGINEERING 


ANALYTICAL ENGINEERING 


RESEARCH FOR ENGINEERING 


DATA FOR ENGINEERING 


APPLIED ENGINEERING 


FABRICATION, MANUFACTURING, ASSEMBLY 
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can be made to simplify or reduce machining and 
fabrication operations. The thesis that we wish to 
develop here is that designing for competitive 
strength is not merely a search for lower dollar 
cost but the practice of true cost analysis. True 
cost analysis brings in total design engineering— 
from a study of the underlying sciences, physical 
inquiry in the form of research, rigorous mathe- 
matical analysis, through specific design methods 
to detailed end-product data. 

Total engineering begins with the question: Can 
we approach this design problem from a wholly 
new direction? Such a search might start with an 
examination of the engineering sciences. An ex- 
ample is the present research activity in exotic 
power sources. Studies in direct conversion of the 
sun’s energy into electricity completely bypass 
the conventional concept of using fossil fuels (re- 
sulting from photosynthesis of vegetation by the 
sun eons ago) and going through the boiler-turbine- 
generator cycle, with built-in inherent energy losses 
all along the line. Fuel economy takes on wholly 
new dimensions. Yet, how often the approach to 
a problem is made from the lower end of the de- 
velopment levels—refinements to reduce the cost of 
making piece parts. 

Designers of production machinery are not pri- 
marily under cost restraints—certainly not in the 
early stages of development of a new concept. 
They have to think in terms of true costs of the 
machine’s output. Thus, we see numerically con- 
trolled machine tools being successfully marketed 
at a cost three to five times their conventional 
predecessors. The engineering economy here takes 
into account reduced total costs to the user— 
including absence of need for special tooling, lower 
direct labor cost and cost of programming. Ad- 
mittedly, original first-cost factors will enter into 
the battle for survival in what is now a highly 
competitive market. Cost reduction will have to be 
attained through circuit and system simplification. 
Even now, the second- and third-generation designs 
of earlier numerical control systems exhibit greater 
versatility, simpler programming, increased reli- 
ability and simpler maintainability—all at lower 
“first cost.” 

For military people, the prime considerations are 
target objectives and reliability in reaching those 
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objectives. Anything less than that is wasted effort 
and expense, plus an invitation to disaster for the 
nation. The military establishments were among 
the first to realize that major breakthroughs can 
be achieved by exploration of wholly new avenues 
of approach, rather than by refinement of existing 
products. Engineering for any competitive market 
must have a lot of research going on behind it, 
not always related to a specific product development. 

In consumer product development, it is not un- 
common to find management putting price con- 
straints on a product—as if that were the sole 
criterion in meeting a competitive situation. A 
sounder approach would be to define the consumer 
need in terms of performance and reliability and 
let the engineering effort be toward those goals. 
As the design develops, value-engineering analysis 
can challenge every step in terms of functional need 
and related cost, but let this be a secondary ap- 
proach. The design that is fundamentally right 
will justify its own price level. The average con- 
sumer can distinguish between real values and 
fraudulent gimmicks. 


In This issue 


On the basis that true cost considerations involve 
total design engineering, the content of this issue 
has been planned to bring in all utility levels of 
engineering activity (as indicated in the previously 
mentioned chart). In the idea-stimulating area, the 
reader is presented with broad concepts such as 
value engineering and one of its major elements 

reliability. Broadly applied, value engineering 
ties in most of the elements that make up true 
engineering costs. This type of analysis begins by 
challenging the individual functions of the product 
as related to its overall function. It asks whether 
there are simpler, less costly ways of performing 
a needed function. Eventually, a balance must be 
achieved between all essential design considera- 
tions: efficiency, economical use of energy, per- 
formance, reliability, maintainability, size, weight 
and cost. Dollar-trade-offs on all of these values 
is the specific approach detailed in this issue. 

What is meant by reliability? It depends upon 
the point of view. In this issue, therefore, the editors 
sought the ideas of a number of responsible per- 
sons confronted with the various aspects of the re- 
liability problem: setting reliability goals (includ- 
ing military standards), meeting such specifications, 
and conveying appropriate responsibility to the 
component and materials producers. All along the 
line—supporting the broad philosophies of relia- 
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bility—are test procedures. Practical interpreta- 
tion of statistical failure rates is needed to make 
test data meaningful. 

“Engineering Psychology and Human Factors 
in Design” has been chosen as the subject of the 
Science & Engineering series article in this issue 
because it is a broad-area concept that has in- 
creasing impact on total engineering of a system or 
product and, therefore, on true costs. Reliability of 
a product leans heavily on the human operator. 
Often he is part of the servo loop and his responses 
must be factored in, along with other systems com- 
ponents. Factoring the operator out of the system 
may greatly increase costs. and a balance must be 
struck with all the other factors that enter, such as 
reliability. Training, skill and technical knowledge 
(or utter lack of it, in the example of the house- 
wife-operator) are included in assessments of this 
nature. 

Most of our readers agree that engineering is 
getting more analytical. In control-systems design 
particularly, the development of a mathematical 
model of the system becomes an intermediate step. 
Simulation techniques are also widely applied in 
the syntheses and analyses of electromechanical 
systems such as drives. At this stage of product 
or systems development, computers can be a big 
help in reaching an optimum design (balancing 
all true cost factors) with the minimum expendi- 
ture of development time and prototype costs. In 
simulating systems, the analog computer is supple- 
mented by components of the system itself (as one 
article points out). 

The iterative search for the best design lends 
itself ideally to the use of a digital computer. An 
example of how a computer can be programmed 
to handle the optimization of a transformer design 
is presented. Production-cost factors can be included 
by “programming in” standard laminations avail- 
able from commercial sources or the manufacturer’s 
own dies. 

Reducing true costs by systems simplification 
can be done by use of purely analytical methods. 
The usual switching-circuit design procedure, for ex- 
ample, begins with a build-up of components (trans- 
sistors, for instance) from the basic operational 
functions. In anticipation of possible failures (ma- 
chine or human), additional devices or protective 
circuits are added (on paper). Things begin to 
get pretty involved and redundancies of components 
and circuits are likely to occur. Here is where Boo- 
lean algebra techniques can come up with fast an- 
swers, as an example of the application of this 
analysis to logic modules shows. 

Total engineering includes the right use of ma; 
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terials. When systems requirements are too severe 
for existing materials, research is started to syn- 
thesize new materials with the needed properties. 
More often, however, the design engineer is faced 
with decisions among a wide choice of commercial 
materials. He also needs to be aware of research 
trends and developments. A total design analysis 
of materials must precede actual specification. A 
staff review examines various aspects of such an 
analysis. 

Dollar cost is not always the primary criterion 
in materials selection. There is often broad eco- 
nomic justification for a high-cost material in 
terms of performance and reliability under ex- 
treme environmental conditions. Readers can view 
the “premium” metals in a new “true-cost” light 
in this issue. 

At almost every step in the development pro- 
cedure, tests and measurements are needed for 
evaluation of materials, components, systems and 
whole products. To get meaningful answers, labora- 
tory tests must be carried out in environments 
simulating those encountered in actual use. Some 
of the techniques used to match laboratory condi- 
tions with natural ones are brought out in an 
article that ties in another factor in true cost 
analysis. 

Research developments in highly active areas 
often need a realistic appraisal so as to bring po- 
tential practical applications into proper perspec- 
tive. A case in point is the current work in organic 
semiconductors. An article in this issue summarizes 
the theoretical basis of the work in this field, re- 
ports on the various compounds that have been 
evaluated, and (with careful qualification) lists pos- 
sible future applications. 

To sum up, true cost analysis brings in all func- 
tions of design engineering, beginning with re- 
search and experimental investigation of new con- 
cepts, then going on to rigorous analysis of pro- 
posed systems, evaluation in the laboratory of all 
elements in the system or product, weighing off 
on broad considerations of reliability, maintain- 
ability, human factors, and the many other values 
that need to be balanced. Finally, as the produc- 
tion stage is neared, design modifications affecting 
such costs can be studied. Economy is basic to 
all good design. 
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A systematic method is outlined for trading 
off eleven design and development system- 
parameters against each other in terms of 
“equivalent dollar’ penalties and values. 
The technique described uses value equa- 
tions and dollar trade-off (DTO) coeffi- 
cients in developing a system, design con- 
cept, end product or subassembly for maxi- 
mum cost effectiveness. Examples are given 
in the design of electronic structural mod- 
ules for military aircraft. 
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DOLLAR TRADE-OFFS 


_in Systems Design 


DAVID B. EHRENPREIS 
Consulting Engineer 


New York, N. Y. 


Topay, a new concept is rapidly gaining recognition by 
engineers in the research, development and production of 
electronic, electromechanical and heavy industrial equipment. 
The new concept is Total Engineering Dollar Trade-Offs. 

Dollar trade-off (DTO) is one principle of operational 
research wherein the methodology of engineering is being 
utilized to solve problems which normally lie outside the 
bailiwick of analytical engineering. In the development of 
a concept, system, product, or subassembly, it is requisite 
to trade off one parameter characteristic of the equipment 
against another parameter of dissimilar dimensional units. 

As an example, the development of one equipment may 
have its value incrementally improved by increasing the 
performance and improving the state-of-the-art on a broad 
front. However, this often is done at a penalty in dollar 
cost, lead time, schedule delay, and reliability. Programs 
to miniaturize equipment are also typical trade-off examples. 
In such programs, value is obtained by reducing volume. 
Additional value is simultaneously achieved through weight 
reduction. Penalties exist which must, of necessity, be 
traded off against these values. Typical penalties in a minia- 
turization program are increase of cost, time-schedule delay, 
and often a decrease in reliability in the dynamic environ- 
ment. It is to be noted that the parameters have dissimilar 
dimensional units. 

The new concept offers yardsticks to measure the differ- 
ent parameters, and helps trade off the parameters against 
each other in terms of “equivalent dollar” penalties and 
values. 

This article is intended to do three things: 


1. Prove that formal documented DTO calculations have definite 
advantages over informal trade-offs in the development of heavy 
industrial, electromechanical and electronic equipment. 

2. Present typical DTO coefficients, a typical dollar trade-off 
equation of a matrix, and the overall total engineering trade-off 
technique. The technique described uses value equations and DTO 
coefficients in developing a system, design concept, end product 
or subassembly for maximum cost effectiveness. 

3. Demonstrate a new method of stress and vibration analysis 
which is ideally generated for DTO’s with regard to reliability 
vs dollar cost, minimum weight vs dollar cost, and minimum vol- 
ume vs dollar cost 


Formal documented DTO calculations have several ad- 
vantages over informal trade-offs. First, they can be moni- 


tored at a later date by a group of men studying the trade 
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offs involved in the research, development or production of 
the equipment. At a conference, several alternate schemes 
may be presented as potential solutions to the trade-off prob- 
lem. Each of the alternate schemes is to be evaluated. It 
is my firm conviction that the equipment program will have 
an overwhelmingly higher probability of success if the trade 
offs made and decisions reached are based upon realistic 
numbers and relationships, rather than personal opinions. 
When each of the alternate schemes is evaluated by a 
system of DTO equations, the scheme with the highest over- 
all system worth can be selected. With realistic and useful 
quantitative trade-offs available, an additional control and 
set of disciplines are introduced. Each advocate of altérnate 
schemes must become familiar with all realistic parameters 
involved. Since it is now more difficult to maneuver the 
results of the trade-off meeting, the alternate schemes pro- 
posed will benefit from the knowledge gained by the para- 
metric trade-off studies. 

Second, formal calculations may be reviewed at a later 
date when new programs arise with trade offs similar to the 
current program. The organization’s thinking with regard 
to dollar yardsticks for given parameters will have been 
established. When no formal calculations are available, the 
probability of controversy over alternate values of equip- 
ment parameters again arises. When technical disagreements 
arise, their resolution should be based heavily upon the 
reality of the numerical quantities and relationships pre- 
sented, rather than solely upon the strength of personalities. 
These calculations also may. be reviewed to enable the 
mathematical model to correspond to reality more closely. 


DTO Typical Equation 


A typical equation of the DTO nature is in the form 
of a simple linear homogeneous simultaneous equation: 


AV=ertrtint+asa Za t+ 7%e t+ Fi + tg t+ So tw ttn 


‘ 
(1) 
where 
AV = change in value to the overall system due to one basic 
change in one equipment 


All the right-hand terms represent trade-off parameters 
converted to equivalent dollars: 

= change in overall system performance due to one design 
change 

» — change i 

change i 

change i 

change i 

— change i 

= change i 


weight due to one design change 
maintenance due to one design change 
volume due to one design change 
reliability due to one design change 
lead time due to one design change 
testing cost due to one design change 
= change in production cost due to one design change 
= change in power supply costs due to one design change 
%,9 == change in installation cost due to one design change 
“,, == change in research, design and development costs due to 
one design change 


Each of the right-hand terms of Eq (1) is the net change 
in equivalent dollar penalties or equivalent dollar values 
of one parameter characteristic of the design change. 
Equation (1) represents one typical equation of a value 
matrix to evaluate each design change. For every change, 
the systems engineer and the product engineer should set 
up one equation similar to Eq (1). Each alternate scheme 
is represented by one matrix, which has the properties and 
characteristics of the scheme. A summation of all AV terms 
of each linear equation of the matrix yields the net change 
in overall system worth in dimensional units of dollars 
due to that scheme. The alternate scheme with the highest 
dollar equivalent value, SAV, is the approach to be selected 
as the one with the optimum overall maximum cost effec- 
tiveness. 

The approach using typical DTO equations and coefficients 
is identical for similar decisions with regard to concepts, 
programs, individual equipment “black boxes.” and _ sub- 
assemblies. 


Weight DTO’s 


In electronic equipment which is airborne, missile-borne 
or space-vehicle-borne, decisions must be made in research, 
design and production stages regarding equipment weight. 
(1)* Trade offs are made of weight vs reliability, weight vs 
performance, weight vs cost, and weight vs lead time. There 
are two basic methods used in the generation of weight 
DTO’s for aircraft. 


Method I 


e Step 1 — Determine the weight of the aircraft, stripped of all 
crew, payload, weapons and fuel. 

e Step 2— Divide the cost by the weight to obtain the average 
dollar cost per pound to fabricate the airplane. The definition of 
the stripped airplane is usually taken as one without payload, 
fuel, weapons or crew. [Typical quantitative results of aircraft 
analyses are: (1) B52 E, F, G bomber aircraft, stripped cost —= $40 
per lb; (2) modern Century series fighter aircraft, stripped cost = 
$60 per lb.] The above costs are not the complete weight-DTO 
factors. Another step must be taken in the analysis. 

@ Step 3—Determine the carrier vehicle growth factor. By def- 
inition, the growth factor is the additional weight to the airplane, 
missile, space vehicle, truck, tank or ship required by one pound 
of payload. The growth factor includes the additional vehicle 
weight to lift the payload, push it forward, retain it in flight, and 
provide a protective housing. The philosophy of growth factor is 
that a mechanical overhead exists for each pound of payload. For 
each incremental pound of payload added to an airplane, for 
example, the wing must grow in incremental lift area and weight. 
Simultaneously, the fuselage must grow incrementally. Likewise, 
additional weight is needed for fuel, transmission, landing gear, 
and engines. 

A determination of the growth factor (GF, dimensionless) is 
obtained as follows: 


* Italic numerals in parentheses refer to Cited References at end of article. 
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— OW — PL 
[oP a cterviadinnns 2 
F PL (2) 
where 
OW = overall takeoff weight, Ib 


PL = payload weight, lb 
e@ Step 4—In order to achieve a realistic yardstick for weight 
DTO, the fabrication cost per pound is multiplied by the growth 
factor: 


K = GF(C) (3) 
where 
K == DTO weight in dollars per pound 
C = stripped vehicle fabrication dollar cost per pound 


Typical values are: 

V ehicle Weight DTO of 

equipment payload 
$440 per lb 
600 per lb 
50 per Ib 
25,000 per Ib 


B52 E, F and G aircraft 
Century-series fighter 
Destroyer 

Third-stage space vehicle 


Method II 


The second weight-DTO method yields results very similar 
to Method I in terms of the effectiveness of a dollar increment 
in equipment weight. Method II involves the examination of the 
function served in the performance of the aircraft by the pound 
saved. Three basic uses may be made of the pound saved. The 
first basic use is that the weight reduction may result in an 
increase of combat altitude, since a lighter airplane will fly 
higher. This results in a positive increment of “kill” probability 
against high-altitude targets. Solving the equations for this case 
has produced DTO values ranging from $220 to $320 per lb for 
the F-89 Scorpion weapon system. 

The second basic use is increased range and endurance. If the 
weight reduction allows an increased fuel supply, then there is no 
change in takeoff gross weight, but the endurance or combat time 
of the aircraft is increased. This method of exploiting a weight 
reduction also produces a positive increment of kill probability. 
Increased combat time improves the chance that the weapon 
system will accomplish a kill on each mission. The operational 
research DTO equations yield values of $320 to $460 to save a 
pound. 

The third use of the incremental decrease in weight is to in- 
crease the number of air-to-air rockets or missiles included in the 
airborne armament. With one weapon system having the same 
chance to destroy an enemy bomber that one-plus-a-fraction 
systems had previously, the cost of buying or owning, operating 
and maintaining a part of an entire weapon system is saved. The 
DTO value with this function varies from $430 to $530 per Ib. 


Volume DTO’s 


In order to determine the optimum number of dollars to 
be spent to reduce the volume of components, subassemblies, 
equipment boxes and overall systems, it is requisite to have 
a set of volume-dollar yardsticks. Yardsticks similar to the 
weight DTO’s have been developed for military and commer- 
cial aircraft and ships. Typical results of DTO’s for volume 
are as follows: heavy bombers, $16,000 per cu ft; modern 
Century-series fighter, $30,000 per cu ft. 


Reliability DTO’s 


In many heavy industrial machinery design programs, it 
is requisite to evaluate the relative dollar equivalent penalty 
and value of reliability engineering effort. It is equally 
requisite to assign dollar values to reliability efforts in 
light machinery, appliances, electronic devices, communi- 
cations equipment, navigation equipment and primary elec- 
trical equipments and components. How can we measure 
the value of reliability? What quantitative equivalent dollar 
value is reliability? 

The recommended method of determining the equivalent 
dollar penalty or value of a reliability effort is as follows: 


@ Step 1—Determine the equivalent dollar value of the overall 
system performance. 
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e Step 2—Determine the probable change in reliability in terms 
of the change in mean time life-to-failure of the system caused by 
the reliability effort. 

© Step 3—Substitute values in Eq (4) to determine the dollar 
equivalent penalty or value of the incremental change in relia- 


bility : 


P(AR) : 
AP = —> (4) 
R 
where 

AP = incremental change in performance of the overall 

system converted to dollars 
, performance of the overall system converted to 

equivalent dollars 

AR = change in mean time life-to-failure of the overall 


system caused by the reliability effort in dimen- 
sional units of hours 

R existing mean time life-to-failure of the overall 
system in dimensional units of hours. 


The following is an illustrative example of an evaluation 
of the reliability effort of a countermeasure system for a 


heavy bomber. 


e@ Given Information: It is to be assumed that a reliability effort 
will be successful in improving the existing reliability of the 
overall countermeasures system from 500 hr mean time life-to- 
failure to 600 hr. 

e@ Calculations: If the reliability of the overall weapon system 
(dimensional units of bombs on target) varies linearly with the 
reliability of the countermeasure system, then the AR term of 
Eq (4),is 100 hr and R is 500 hr mean time life-to-failure. The 
value of the overall performance of one heavy bomber may be 
taken as the cost of the stripped bomber, plus the cost of the 
payload equipment (sensors and weapons), plus the cost of spare 
parts, maintenance and overhead over an assumed useful opera- 
tional life of five years for the countermeasure system plus air- 
craft vehicle. 

Assume this summation of quantitative value for P to be equal 
to (40 108) dollars. Therefore, the change in reliability, AR, 
is equal to: 


AR = 140 10° (100/500) = 8 X 10° dollars 

The value of the reliability effort is therefore $8 million. 

The next step is the determination of the cost penalty intro- 
duced by the reliability effort. A survey of reliability programs 
performed by the writer yields an average value for reliability 
efforts of 3 per cent of the overall cost of the development pro- 
gram. If the development program initially costs 100 x 106 
dollars, then 3 per cent of this value is 3 & 106 dollars, which 
is the penalty cost of the reliability effort. 

The reliability effort consists of statistical analyses to determine 
predicted values of failure rates of each non-standard component, 
subassembly, major final assembly and overall system. The relia- 
bility effort also includes internal design review, subcontractor 
design review, determination of reliability numbers, derating of 
reliability numbers for over-stressed members, performance of 
laboratory tests to destermine reliability failure rates for non- 
standard components, performance of environmental qualification 
tests of subassemblies, major final assemblies and the overall 
qualification test program, The algebraic addition of equivalent 
dollar penalties and dollar values determines the overall net cost 
effectiveness of the reliability effort. In this hypothetical problem, 


Al (8 10°) — (3 X 10°) dollars 
5 < 10° dollars 


Performance DTO’‘s 

In each equipment program it is essential to determine 
a realistic yardstick to evaluate the equivalent dollar values 
and penalties of change in performance. A yardstick is 
necessary to determine the effectiveness of the cost of ad- 
vancement of the state-of-the-art. An illustrative example is 
the order-of-magnitude determination of the value of a change 
in performance of a countermeasures system for a heavy 
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bomber. Of necessity, the numbers utilized in these com- 
putations must be fictitious due to security considerations. 

If a heavy bomber with no countermeasures equipment 
will achieve a performance of 5 bombs on target per 100- 
aircraft mission, and the identical heavy bomber equipped 
with a highly sophisticated radar jamming system will 
achieve 10 bombs on target per 100 aircraft, then the change 
in performance due to the countermeasure system is 5 bombs 
on target per 100 aircraft. Fewer bombers are required to 
fly the mission with the superlative jamming system. The 
incrementally decreased number of bombers to fly the given 
mission in this case is 50. 

The value of the performance of the superlative jamming 
system is therefore the cost of 50 stripped bombers plus 
cost of their equipment, payload, weapons, sensors, crew, 
fuel, provisions and maintenance, and overhead over a 
useful life, assumed to be 5 years. If 40 * 10° dollars is 
the cost of the fully equipped bomber distributed over 5 
years, then the value of the superlative jamming system 
for this given mission is (40 10° dollars) (50 bomb- 
ers), or 2 X 10° dollars. That gives you quite a lot of 
money to work with. 


Time-Schedule _DTO’s 


In all programs involving advancement of the state of the 
art, realistic yardsticks should be assigned which convert 
lead time and calendar time to equivalent dollar penalty 
and value. /t is essential in every program to comprehend 
the value of time. Too often this essential parameter is 
overlooked or, in reality, the dollar-penalty trade-off as- 
signed informally is unrealistic and much too low. A rela- 
tionship to determine the value of time in equivalent dollars 
is: 


ge 17] P(E) 


where 


x, == change in system dollar value due to a change in lead time 

At= change in calendar time 
gram (months) 

t= existing calendar time of the program (months) 

P = overall system value (dollars) 

E=correction factor due to exponential function (dimension- 
less) 


caused by a change in the pro- 


ExamMPLe: A comparison is required of a new scheme which 
advances the state of the art of an existing concept. The differ- 
ence in lead time in developing the two schemes is one year. 
In other words, before the new modified equipment can become 
operational, there will be a one-year delay due to required 
engineering, research, design, development, testing and fabrica- 
tion. The overall life of the system marriage to the carrier vehicle 
is 5 years. The value of the equipment with regard to perform- 
ance is 40 < 106 dollars. The exponential function, E, is taken 


as 1. Therefore 
| 
~| =|40 10° (1.00) dollars 
o 


— 8 X 10° dollars 


Hence, the penalty due to a one-year loss of useful life of the 
new equipment is $8 million. It is seen from this example that 
loss of time due to engineering, research, development, testing 
and production is of prime importance in every advancement of 
the state-of-the-art program! 


Reliability DTO’s 


To compare system or product reliability vs dollars 
qualitatively, the margin of safety (MS) concept is used: 


MS = (F/f) 1.00 (6) 
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tional properties. The subsystem 
and support on the elastic foundatic n. 


moment at any point nv in 
previous points. 


where 


F = allowable stress, psi 
f= max stress, psi, under peak dynamic conditions in the 
environment (such as shock) 


The allowable stress is the maximum stress that the 
material is permitted to resist before incipient failure, 
fatigue, permanent deformation, or buckling occurs. On 
military applications, the values of allowable stress for 
various structural materials can be found in such publica- 
tions as ANC-5 and ANC-23. (2, 3) Fatigue data presented 
in Tables I, If and III are taken from publication ANC-5. 
Dollar trade-offs are made with respect to selection of ma- 
terial, its thickness, condition (heat treatment or rolled 
temper), type of fabrication (forging, casting), and its con- 
nection to other members. In general, margins of safety: 
(1) must always be positive; (2) must always be greater 
than +0.50; (3) should never exceed +3.50. 


+0.50 < MS < +3.50* (7) 


The margin of safety is a useful yardstick of reliability 
and over-design. Whenever negative margins of safety ap- 
pear, the probability of failure, permanent deformation or 
buckling is indicated. An excessive positive margin of safety 
often indicates over-design and a lack of consideration for 
the true concept of value and function. Excess margins in- 
dicate potential sources of reduction of cost, space and 
weight in the equipment. 

A new concept of margin of safety is being used in equip- 
ment and operational trade-offs to determine equivalent 
dollars for mechanical and electrical reliability. It is the 
goal of future equipment developed for military and indus- 
trial use to control reliability so that all margins of safety fall 
within limits of +50 per cent and +350 per cent. The elec- 
trical, electromechanical and electronic products thus de- 
veloped and produced will provide more overall value per 
dollar and have less weight. 


Generalized Myklestad Method 


The key to obtaining realistic margins of safety in struc- 
tural members is to provide a rigorous mathematical model 


See Cited Reference (4) 




















psi, which ma- 
withstand for 
various numbers of cycles 
000 | 
SAE 4340 steel bar i 
82,000 
SAE 4340 steel forged bar 76,000 
SAE 2330 steel bar 66,009 
2330 92,000 
SAE 4130 steel bar 74,000 
» e199 ” 84,000 
» i396 ” 99,000 
Values in 
R. R. ‘ore rotating-beam fatigue machines and represent extreme stresses 
which such specimens will withstand in completely reversed flexure. 
Table ti — Allowable Fatigue Stress (F) for 18 Cr, 


8 Ni Sheet Stainless Steel 
Direction 


— Longitudinal Rolling 





Approximate maximum 
Thick- stresses, psi, which ma- 
ness ; terial will withstand for 
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025 | At450F,24hr| 202,700 | 90,000 | 80.000 | 76.000 
.050 | As rolled 200,000 | 94,000 | 91,000 | 88,000 
050 | At450F,24hr | 208,000 | ...... 98.000 | 93,000 

5S | As rolled 154,000 | 73,000 | 66.000 | 62,000 
025 | At450F,24hr | 150,000 | 75,000 | 73,000 | 64,000 





Values given were determined by testing — sheet specimens in Krouse 
_constant-deflection-t fatigue-testing machines represent extreme fiber 
stresses which such specimens will withetand in “oe reversed flexure. 


eS Fatigue Stress (F) for 
Reversed Flexure d 


| 
Fatigue strength (reversed stress), psi 1000, 
at indicated number of cycles 
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Alclad 24S-T81 eee | 15 oes: 49 
Alclad 24S-T86}  3r 19 | 15 13 | 13 
Alclad 75S-T6 Bk ter pag: wey 13 
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simulating the equipment’s dynamic properties and charac- 
teristics. The model should behave as the equipment be- 
haves. It should deflect, rotate, and should break. 

It is relatively easy to determine the values of F of the 
margin of safety, Eq (6). A number of acceptable methods 
exist for evaluating f, the actual stresses at the point of 
probable failure and permanent deformation. The actual 
dynamic stress is a function of the geometry of the struc- 
ture of the equipment, the load paths, the distribution of 
masses and inertias, and the environmental population of 
vibration shocks and sustained acceleration. 

The recommended procedure for determination of actual 
stresses is usually the generalized Myklestad method. (5) 
This is a simple bookkeeping method used to evaluate the 
natural frequencies of a complex structural framework. The 
original Myklestad method was intended to determine domin- 
ant natural frequencies of an aircraft wing. This method 
has become generalized on programs of equipment, so that 
from it we can determine: 


(1) Natural frequencies of complex mechanical equipments, 
structures and frameworks, including gimbaled gyroscopes. 

(2) Dominant mode shapes showing the patterns of deflection 
and rotation. 

(3) Thrust, shears, moments, torques. 

(4) Maximum combined stresses. 

(5) Margins of safety. 

(6) Areas of probable failure, fatigue and permanent defor 
mation. 

(7) Variation of cost and reliability with open parameters 
(defined below). 


The generalized Myklestad method has been used suc- 
cessfully in analyzing structural and mechanical members 
of equipment carried aloft in military aircraft or in missiles 
such as gun turret systems, receiver-transmitters, stable 
platforms, digital computers and countermeasures systems. 

The generalized Myklestad approach (to be detailed be- 
low) has the following advantages: the results are realistic 
and compare rigorously with the history of past experimental 
tests. The method is fast and cheap; the results are obtained 
in time to apply the changes to improve the equipment’s 
dynamic properties and characteristics, with consequent 
savings in weight and dollars. 


Basic DTO Technique Using 
Generalized Myklestad Approach 


The generalized Myklestad method is used to define the 
boundary conditions of a typical electronic equipment struc- 
tural subsystem at a specific point in that system. All basic 
equations are linear and homogeneous. There are many 
variables, which include mass, inertia, bending moment, 
shear, stresses, deflection, rotation, natural frequency of 
vibration, and forcing function—all of which are acting 
simultaneously with reflected reactions upon each other. To 
demonstrate the method, an example is cited of an elec- 
tronic module for a large countermeasures program for a 
heavy bomber where weight-strength trade-offs are im 
portant. The structure of the module (8 x 10 x 18 in. in 
size) had the form of two bridge trusses. Fore and aft, the 
module was supported on two sets of pins through which 
shock loads would be transmitted. 

A quick and rigorous analysis was made to determine 
the natural frequency, mode shape, stresses, deflections, 
shears, bending moments and thrusts of every member of 
the truss. In the first approximation it was assumed that 
all members of the truss were connected at their joints by 
pins. Each joint was then analyzed, beginning with the 
reaction joint. At the reactions, free bodies were taken 
about the pins. All unknown thrusts were computed, since 
all loads went through the pins with no possibility of bend- 
ing moment. 
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The analytical procedure requires analysis of the next- 
adjacent pin. Solution for all unknowns is obtained in a 
simple tabular format. The reaction and load of each truss 
member is thus computed. The next step in the analysis 
determines the stress in each member. Corrections are then 
added for bending moment at the joint. Typical equations 
defining the boundary conditions of an electronic equipment 
structural subsystem for one point (a) of the structure 
have this form: 


Ya = YoH a" + avHa> + QoHa% + MoHa™> (7) 
Qa yo a’ + arF.*> + Ov.F .% —" MF (8) 
-Qo = yoKa% + Ko + QKa% + MiKi™ (9) 
Ma = ysK'a% + apK’s% + QpK'.% + MK’. (10) 


The generalized nomenclature used here is: 


F = internal rotation, radians 

H = internal deflection, in. 

K = internal shear, lb 

K' = internal bending moment, in.-lb 

M external bending moment, in.-lb (unknown) 
Q =external shear, lb (unknown) 

y = external deflection, in. (unknown) 

a= external rotation, radians (unknown) 


Subscripts a and 6b refer to a stress point in the equipment. 
The “exponents” are not powers but are interpreted as “due 
to true unit deflection (shear or moment) at point denoted 
by subscript.” Thus 


yoH,”» = internal deflection at poet a due to a unit applied 
deflection at point b of the structure 


M.H “> = internal deflection at point a due to the true mo- 
ment at point b 


Each of the four equations defines the boundary conditions 
of a typical equipment structural subsystem. Equation (7) 


defines the unknown deflection at point a in the structure 
due to the true deflections, shear, rotation and bending 
moment at point 6 of the structure. The remaining three 
equations define the internal rotation, shear contributions 
to the external shear at the point a, and the internal bending 
moment contributions to the external bending moment at 
point a. A typical set of regime equations is thus provided 
for explicit analysis. The quantities F, H, K and K’' appear 
as non-zero coefficients of the dynamic matrix. 

The next step is to set up recursion equations to determine 
the distribution of deflections, rotations, shears and bending 
moments from substation to substation of a subsystem, due 
to a unit applied load. (See panel on page 81 for defi- 
nitions.) The values of the recursion tables are in reality 
simple polynomials of ,, the natural frequency. The equa- 
tions are set up in such a format that there is always one 
more equation than there are unknowns. The last equation 
becomes the error function equation, and holds true only 
when the error function equals zero. (6) This is characteris- 
tic of the Eigen value. 

The technique of solution involves assumption of values 
for w, and placing these in the recursion tables. The dynamic 
matrix is then solved for all unknowns for each of the three 
mathematical regimes. 

The matrices are solved in two cycles and residues de- 
termined. If the residues are equal, it may be assumed that 
the solutions have been performed to the correct number 
of significant figures. 

It must be remembered that, in solving a large number 
of simultaneous equations, there exist small finite differ- 
ences between almost equal large quantities. The error 
function is determined and plotted against w,, assumed. At 
all points where the error function changes in sign from 
plus to minus and passes through the zero value, there exists 
a natural frequency or asymptote of the curve. 

To determine the margin of safety, the values for the 


MAY 1961 


maximum stress in the peak dynamic environment and the 
allowable stresses, taken from the referenced tables, are 
substituted in Eq (6). Margin-of-safety values are calcu- 
lated for each member of the truss. Wherever margins of 
safety are negative or below +0.50, additional material is 
to be added. Where margins of safety are greater than 
+3.50, material may be removed, thus saving substantial 
weight and also dollars in the fabrication cost of each of 
the modules. 


Moment Distribution Method 


A different approach to the MS factor and DTO’s has 
to be adopted when highly indeterminate structures are 
encountered. An example arose in the design of a system 
of racks for holding electronic countermeasures modules 
on a bomber. For DTO considerations, the analysis had to 
compare alternate rack constructions. One scheme was 
built up of stringers and sheet metal. The second used a 
sandwich construction of aluminum honeycomb cores and 
facing liners. 

The racks were 55 in. long, 18 in. wide and 20 in. high. 
Both types of construction were highly indeterminate and 
it was necessary to determine the three basic load paths. 
Space does not permit more than a general discussion of 
the approach to the problem. The front face of the rack 
was an open truss without diagonal members or web. Load 
path No. 1 included the moment distribution on this front 
face from the loads on the front isolators. Load path No. 2 
had to take into account the stiffness of a 4-in. deep longi- 
tudinal channel section which spanned the length of the 
rack. It had rotational restraint at each end. In load path 
No. 3, the effect of the stiffness of the back web plate was 
taken into account. 

Because much partial fixity occurs in sandwich construc- 
tion, a percentage of the load went through path No. 1. The 
method used to determine partial fixity at each joint was 
the classical moment-distribution method of Prof. Hardy 
Cross of Yale. (7) Corrections were applied in that allow- 
ance had to be made not only for joint rotation, but also 
for joint translation. 

Load path No. 2 assumed no joint partial fixity and had 
all the loads going into the shear walls. All loads on the 
aft pins were taken by the aft plate of the beam. All loads 
on the forward end of the module were transported into the 
shear walls. Allowances were made for cocking effects. 
Corrections were made for shear deflections to permit loads 
going across deep beams supported by a thin aft plate. 
Load path No. 3 treated the loads of the forward ends of 
the beam. 

Each of the three load path was analyzed to determine 
the deflection at each mass point, assuming all the load 
proceeded along one path. From the computed deflections, 
spring theory was then applied to determine the percentage 
of the load going to each load path. The loads were then 
divided up according to their load paths and the true de- 
flection on the assumed 1]-g loads for resonant frequency 
was determined at each mass point. Substitution of these 
deflections into the basic Stodola equation* gave the natural 
frequency of the overall rack. In this DTO analysis, the 
sandwich construction scheme provided the maximum 
strength-weight ratio. 


Vibration Isolators 


The same type of analysis was applied to vibration isolators 
for aircraft modules. Using the operations research method 


* The Stodola equation defines natural frequency, f,, in terms ef beam deflection: 
fn = YEV g2d;/25,? 
where 
26; = summation of deflections at each mass point of beam, in. 


g = 386 in./sec? 














Max. transmissibility: at resonance 2.50 4.50 
at 70 cps 0.03 0.12 
in the region 90-5000 cps 0.01 0.05 
under 15-g shock 0.50 4.00 

Max. weight of isolator, per cent of rated load 4.00 7.00 

Max. volume of isolator at 150 Ib rated load, in. 3X3 X3\4 x4 x4 





of DTO’s, a new type of isolator was proved out that had 
better dynamic properties, with superior weight and volume 
trade-offs compared with existing standard isolators. The 
cost of the “total-engineered” isolator is no greater than 
the cost of standard mounts. The damping element is in the 
form of a special molded elastomer consisting of 99 per 
cent G-E 565S silicone rubber and 1 per cent aluminum 
oxide filler. Table IV compares its performance with the 
corresponding data for commercially available mechanical 
vibration and shock isolators. 


Cost Effectiveness in Shipping Containers 


Using the total-engineering DTO approach, shipping con- 
tainers were analyzed, researched, developed, tested and 
produced for maximum dollar-cost effectiveness and overall 
system worth. This tradeoff analysis involved a determination 
of the population of shocks and the maximum environment 
in transportation, shipping and handling (including rail- 
road, truck, ship, airplane and severe factory handling). 
Nomographs, equations, curves and tables were generated 
to determine the fragility factor of typical heavy industrial, 
electronic, electrical and electromechanical equipments for 
military and commercial use. Requisite transmissibilities in 
shock and vibration across the suspension system of the 
shipping container were computed. A large number of 
materials were dynamically analyzed with regard to their 
load-deflection-curve characteristics to determine thei: equiva- 
lent cushion factors. From this rigorous analysis, optimum 
containers and optimum suspension systems were determined. 

The important parameter was dollars. All of the dynamic 
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characteristics were converted into equivalent dollar penal- 
ties and values. The total engineering effort was the ana- 
lytical system that produced effective containers at minimum 


cost. 


Use of Open Parameters 


In all total-engineering DTO analyses of electronic and 
electromechanical equipment, an additional new and useful 
concept is that of open parameters. An open parameter is 
the one variable which is permitted to change, while all 
other variables are kept constant. The open-parameter con- 
cept has helped generate equipments of maximum cost 
effectiveness. If all other variables are maintained constant, 
and one variable is slightly changed, the expense of manu- 
facturing many different test-specimen instruments and 
equipments may be avoided. The mathematical model is 
adequately rigorous, so that it reflects the dynamic char- 
acteristics of the equipment. 

An illustrative example of an open parameter is the 
changing of the thickness of one member while retaining 
all other members, connections, properties, fixities, masses 
and inertias as constants. We can thus determine the effect 
of the change of the thickness of that one member (open 
parameter) with regard to the natural frequency, margins 
of safety, stresses and deflections for the entire equipment. 

We may change one thickness at a time. We may redis- 
tribute one mass at a time. We determine the relative values 
and penalties for each open parameter. Each design change 
is treated as an open parameter and the system with the 
optimum design changes to give maximum cost effective- 
ness is the system to be selected. 


True Engineering Economy in a 
Competitive Market 


At the 1960 New England Regional Electronics Meeting 
in Boston, Admiral Rawson Bennett stated that the elec- 
tronic industry today has reached its “pre-compact-car” 
stage. Each mild improvement in performance is today 
heralded as a major breakthrough. 

It is the conclusion of this author that each improvement 
must be evaluated in terms of total engineering DTO 
analysis. The cost and time required for each advancement 
in the state of the art must be evaluated. The relative dollar- 
equivalent penalties and values must be assigned for all 
parameters of time, engineering, cost, maintenance, fabri- 
cation, installation, reliability, weight and volume. These 
must be weighed against a change in performace to deter- 
mine the actual net value or penalty of the breakthrough 
claimed. True cost analysis involves total engineering from 
the earliest concept of the system. It involves the dollar 
trade-offs from all concepts of the system, program, equip- 
ment. product, major assembly, sub-assembly, or component. 
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SEMICONDUCTORS 


—A Research Report 


The phenomenon of conduction in organic 
polymers is reviewed in terms of semicon- 
ductor theory. Conductivity data for various 
compounds that have been investigated are 
cited. The future possibilities of practical 
applications in electronic devices are ex- 


plored. 


HERBERT A. POHL* 
The Plastics Laboratory, School of Engineering 
Princeton UNIVERSITY 
Princeton, New Jersey 


THAT SEMICONDUCTION would be exhibited by organic 
polymers (plastics) was, until recently, quite overlooked. 
On the contrary, the traditional function of plastics as 
insulators and dielectrics has been of dominant research 
and applications concern. The question has always been 
how good an insulator a given material would be for 
the task at hand. Here at Princeton, we turned the matter 
end for end. We asked, “How poor an insulator—that 
is, how good a conductor—can we make out of an organic 
polymer?” Since that time we have prepared over 100 
examples of polymers showing electronic semiconduction, 
and there have been several other examples described 
in the chemical literature. 

From what we now know of such electronically active 
organic polymeric materials, it would appear that we 
are definitely on the way to developments of a most 
interesting character. Although there is no clear view 
*Dr. Pohl presented an invited paper (“‘Semiconduction in Polymers’) and 


was co-author of another (‘Studies on Some Semiconducting Polymers’) at the 
April 18, 1961 Inter-Industry Conference on Organic Semiconductors in Chicago. 
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at this time that one could hope to prepare organic semi- 
conductors which would serve as materials in commer- 
cially useful transistors, there still remain many other 
presently considered uses for semiconductors in which 
organic semiconductors might conceivably function. 
Many other potential uses will no doubt be proposed 
and explored once the availability and properties of 
these materials are more fully established. 

The theory of semiconduction has been by now well- 
reviewed in literature. (])+ Briefly, we may remind our- 
selves that the phenomenon of semiconduction was recog- 
nized over 120 years ago by Michael Faraday in his 
work with silver sulfide. He noted that, under a given 
electric field, Ag.S does not conduct as much electricity 
as metals do, but definitely much more than other ma- 
terials known as insulators. The subject then lay dormant 
for nearly a century, to reawaken to its great interest 
today. For the purposes of this present discussion, let 
us consider as semiconductors those materials which: 


a. have conductivity lying between 10* and 10-'*? mho/cm 

b. exhibit increasing eonductance with temperature rise 

c. generally possess a high thermoelectric power 

d. show rectifying effects in contact with other materials, 
and 

e. may show a light-generated conductance or voltage. 


We shall not include in this discussion the conduction 
which may be produced in polymeric materials by the 
incorporation of conductive fillers such as powdered 
metals or carbon black; nor shall we generally include 
discussion of ionic conduction caused by the gross move- 
ment of charged molecules such as chloride or hydroxyl 
ions. We shall be restricted principally to the conduction 
of the type associated with the movement of electrons; 
despite this restriction, the actual area for discussion is 
still tremendous. One way of appreciating the scope of 
this subject is to note that electronic conduction in 
organic materials, especially in the polymeric ones, can 
almost encompass one of the widest ranges of physical 


, Italic numerals in parentheses refer to Cited References at end of article. 
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size possible. The conductivity of organic polymers is 
now known to range from 10* to 10 *' mho/cm—that is, 
an overall factor of 10%. This range in magnitude is 
matched by few physical phenomena. 


The Energy Gap 


We are familiar with the phenomenon that in electronic 
conduction the carriers are electrons, and their charge 
is fixed by nature. The number available for carrying 
current and their ease of movement (or mobility) are, 
however, widely varying quantities from material to 
material. According to the established energy-band theory, 
for an electron to be able to be free enough to carry 
current, it must first be excited and freed of its normal 
binding to its counterpart, the oppositely charged ions 
of the host material. At a given temperature, the more 
energy required for this process. the rarer the event 
if thermal energy is all that is available. In most non- 
metallic materials, a rather definite minimum energy 
of excitation is required for this process of making 
carriers. This minimum energy required for transition 
between the valence band and the conduction band is 
referred to as the “energy gap.” Electrons with lower 
energies cannot conduct, electrons with higher energies 
can. In these terms, a material with a high energy gap 
mandatory for the production of carriers will have very 
few carriers, and will be an insulator; a material with 
a moderate energy gap will be a semiconductor; and 
one with zero gap or an overlap between the lower filled 
states and the open upper states is metallic, or a full 
conductor. 


Mobility 

The mobility of the carriers is another matter and 
will be discussed in a later section in greater detail. 
For now, we shall merely point out that those materials 
with high mobility will generally be high-quality semi- 
conductors, those with low mobilities will be of lower 
quality. Rather few materials, aside from the metals, 
fall in the high-quality class: among those we know, of 
course, are germanium, silicon, and certain compound 
semiconductors such as indium antimonide (InSb) and 
bismuth telluride (Bi.Te,). Organic materials generally 
are observed to have only moderate or low mobilities. 
There are, however, many potential uses for materials 
having only moderate or low mobilities. 

The first work (2) on the electronic properties of 
organic materials dealt with photoconduction in anthra- 
cene. The subject lay dormant until the 
1940's, when biochemists suggested that life processes 


essentially 


such as photosynthesis and energy transfer could be 
better understood if one perhaps applied the ideas of 
band theory to the complex molecules of biological sys- 
tems.(3) This started off a chain of studies on the matter, 
and it is already clear that such thinking will be of 
great aid in considering vision, photo-induced cancer 
and photosynthesis. [In fact, it should not surprise us 
if ultimately the greatest good from the study of organic 
semiconductors were to come from the contributions it 
might make to the understanding of life processes. ] 

In looking at the electronic semiconduction of any 
material, we are always concerned with two major facets 
of the phenomenon. First, there must exist free carriers: 
second, their ease of motion through the medium (their 
“mobility” ) must be appreciable. To have free carriers. 
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it is necessary. in effect, to have easy ionization, but this 
is not enough. There must also be freedom of motion, 
of transfer of the charge throughout the medium. The 
charges must not be bound charges. It is generally true 
that organic compounds with highly conjugated double 
and triple chemical bonds have more loosely bound elec- 
trons than those with no unsaturation.* It would be 
expected that compounds having highly conjugated ring 
structures, such as the aromatics.+ would be representa- 
tive of organic compounds exhibiting semiconduction. 

As to the mobility of the once-freed carriers, one can 
expect two major mechanisms of electronic movement: 
(a) drifting of electron wave “packets,” which takes 
place over extended paths, and (b),localized “hopping” 
from one molecule to the next.(4) The former will re- 
quire high orderliness in the medium, and will be par- 
ticularly evident in single crystals of high perfection. 
Hopping processes also require orderliness of a sort, 
but the order may be short range. Actually, it may be 
demonstrated that hopping processes are aided by long- 
range disorder. 

Let us now take a look at the electronic characteristics 
of various organic materials, with emphasis on the organic 
polymers. The order of discussion will proceed from small 
to large in molecular size. We shall first discuss small, 
monomeric molecules, then complexes of these, then 
polymers. and finally the super-polymers, such as graphite 
and diamond. In all cases. the conductivity appears to 
obey an exponential law in variation with temperature. 
Most materials appear to show straight-line plots, but 
in the 
linear plot. When this happens, it would appear that one 
is observing a passage from one regime of conduction 
mechanism to another during the temperature change. 
The condition of the materials during the measurement 


some show slight curvature (or even breaks) 


of conduction is of great importance. Purity and physical 
form are critical variables. 


The Simpler Organic Molecules 


Work on the simpler organic molecules has been inten- 
sive. Naphthalene and anthracene, as_ representative 
aromatic molecules of well-understood structure, have 
been especially examined. The experimental difficulties 
in working with such poorly conducting materials (con- 
ductivity of about 10°'° and 10 '* mho/cm, respectively ) 
are great, and agreement between experimenters is not 
always had. Moreover, the theoretical basis for inter- 
preting conduction in such materials is not yet clear. 

It is generally true that the larger the molecule, the 
higher the conductivity, but there are many exceptions. 
Inclusion of atoms other than carbon, hydrogen and 
oxygen in the molecule often appears to increase the 
conductivity. As with the inorganic types, the organic 
semiconductors are also characterized by the nature and 
type of the carrier which appears to dominate in the 
carrying of the current. A material may be either n-type 
or p-type, for example. Among the organic dyes inves- 
tigated, the cationic dyes appear to be n-type semicon- 
ductors and the anionic dyes p-type. (The cationic dyes 
* Unsaturation may be defined as the state in which one or more available valence 
bonds of an atom are not firmly attached to other atoms and are thus free to 


unite with them when they become available, Thus, unsaturated compounds tend 
to be reactive to the extent of their unsaturation 


Saturation may be defined as the state in which all available valence bonds of 
an atom (especially carbon) are attached to other atoms. The straight-chain paraf- 
fins are typical saturated compounds. 

+ Aromatic compounds have the six-carbon ring characteristic of the molecules of 


all organic compounds of the benzene and related series, or the condensed six 
carbon rings of naphthalene, anthracene, phenanthrene, etc. 
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can exist in two forms. one of which will induce photo- 
conductivity in the glass substrate upon which it is laid.) 

As is well known, certain organic molecules can exist 
in the form of stable free radicals. In the free radical, 
an unpaired electron is present which gives rise to 
paramagnetic effects readily measured—for example, by 
electron spin resonance or magnetic susceptibility as a 
result of the possession of unpaired electrons. In fact, 
unless there are special characteristics associated with 
the structure of the radical molecules, the electrical con- 
ductivity appears to be quite “normal” with respect to 
other non-radical molecules of similar size and structure. 
Only if a strong overlapping of orbitals between molecules 
is induced, do free radicals show high conductivity. In 
the case of free radicals with little intermolecular inter- 
play (such as, for example, the familiar diphenyl- 
picrylhydrazyl), the conductivities will range from 10°° 
to 10°° mho/cm. These are not unusual values, con- 
sidering the size and complexity of the molecules. On 
the other hand, in the case of those radical compounds 
in which strong ionic forces exist in a manner favorable 
to electron transfer between molecules [such as the free- 
radical salts (5) of tetracyanoquinodimethan (TCNQ) ], 
the conductivity can be quite high. The quinolinium salt 
of TCNQ has a room-temperature conductivity of 100 
mho/cm, a remarkably high value for a pure organic 
compound. 

The phthalocyanine molecule, which is much like the 
active center of several biologically active compounds 
(e.g., chlorophyl), can accomodate a metallic atom in 
its center. These molecules, with and without metal se- 
questered within, have also been the subject of much 
study. They are quite heat-stable, showing little decompo- 
sition even at 500 C. The conductivities range from about 
10°°° to 10°* mho/cm. Compressed pellets of phthalo- 
cyanine, if they contain traces of certain inorganic acids, 
have been observed to act as rectifiers, especially if placed 
between metallic electrodes of two differing metals. Mag- 
nesium phthalocyanine (6), if coated with a layer of 
air-oxidized aromatic amine, has been observed to pro- 
duce a photovoltage when illuminated. Analogous be- 
havior has been observed in coronene and chloranil. 
Such behavior may indeed be much like that in certain 
biological systems. 


The Molecular Complexes 


The next step up in molecular size is the class of 
compounds known as molecular complexes. Here it has 
proved possible to create considerable interlocking of 
the molecular orbitals, and thereby to enhance greatly 
the long-range electronic behavior. The complexes we 
shall consider here are those of the donor-acceptor type. 
If the donor-acceptor molecule pairs can be so arranged 
as to create extended chains throughout the medium, 
conduction is enhanced. Complexes formed between aro- 
matic hydrocarbons and alkali metals were observed to 
have conductivities of about 10° to 10°' mho/cm; 
those between aromatic hydrocarbons and the halogens 
of about 0.1 to 10°; and those between quinone and 
amines from 10 to 10™'. 


Synthesized Polymers 


Next to be discussed are the directly synthesized poly- 
mers exhibiting semiconduction and also (though briefly) 
the proteins. A large number of semiconducting polymers 
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Editor’s Note 


Some 20 to 30 laboratories in this country are be- 
lieved to be now engaged in research in the field 
of semiconduction phenomena in organic polymers. 
Similar activity exists in Europe, particularly in 
Russia. It is not surprising, therefore, that a good 
deal of pure speculation on the subject has been 
published. The prospect of achieving practical de- 
vices from organic polymers that conceivably could 
replace or supplement those now being produced 
from inorganics (germanium, silicon, indium anti- 
monide, bismuth telluride, et al) has understand- 
ably intrigued the imagination. Unfortunately, 
much that has been generally published has been 
at best unrealistic and at worst exaggerated. The 
present review by Dr. Herbert A. Pohl of Prince- 
ton University (where much fundamental work in 
this field has been done) is intended to present a 
factual statement of the research accomplished, 
current trends, and future practical potentialities. 
The very restraint and economy of this presenta- 
tion should underscore the intrinsic significance of 
this research as projected to eventual engineering 
applications. —A.E. J. 


of the polyacene quinone radical (PAQR) type have 
been prepared and studied at the Princeton Plastics 
Laboratory. The conductivities range from 10% to 10°*° 
mho/em, and the Seebeck coefficients (thermoelectric 
power) are positive, so far as examined, being about 
100 to 300 microvolts/deg Kelvin. The forbidden energy 
gaps, E,, as calculated from the slopes of the conductivity 
vs reciprocal temperature lines, o == o) exp(E,/2kT), 
range from 0.26 to 1.8 ev. These polymers were prepared 
from various reactive aromatic hydrocarbons (some 
bearing substituent groups) and the anhydrides of vari- 
ous aromatic acids. 

The PAQR polymers are observed to contain high 
concentrations of stable free radicals, and are therefore 
polyradicals. The PAQR polymers are hard, black and 
cross-linked, but show appreciable thermoplasticity. Ex- 
amination of the conductivity and Seebeck coefficient 
data for a number of the PAQR polymers, using equa- 
tions as for an intrinsic semiconductor, shows that a 
good fit can be obtained. The population of carriers so 
indicated is about 10'°/cm*, with mobilities of about 
1/100 cm?*/volt sec, holes having a somewhat greater 
mobility than electron carriers. This is not to be taken 
to mean that these materials are intrinsic semiconductors 
in the strict terms of the band theory, but rather that, 
mathematically, a good fit can be obtained using such 
equations. The applicability of such theory to materials 
with such low mobilities is in itself to be questioned. 

Upon heating the PAQR polymers to elevated tempera- 
tures in an inert atmosphere, the conductivity at first 
falls sharply (at about 400 C) and then increases rapidly 
to values characteristic of pyro-polymers* (at tempera- 
tures over 600 C). This shows that there is something 
unique and characteristically favorable to conduction in 
the original polymers, and that they are not merely 
pyro-polymers. 


* Pyro-polymers are obtained by pyrolysis of organic compounds, as, of course, 
are polymer carbons. Distinctions will be discussed later. 
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A. Photovoltaic cell employing organic semiconductors. 
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B. A rectifying element employing an organic semicon- 
ductor (after Haack). 


called xanthene poly- 
mers, have been studied in Australia.(7) 
to the PAQR polymers in structure are 
comprised of polydiketones recently prepared at the 
They appear to be semi- 
conductors roughly equivalent in conductivity to the 
PAQR polymers. 


Ferrocene, which is a sandwich-type compound having 


Polymers of related structure, 
Also related 
the polymers 


Princeton Plastics Laboratory. 


an iron atom bound between two layers of hydrocarbon 
groups, is an insulator. Ferrocene resembles the lower 
aromatic hydrocarbons in many ways. If this molecule 
is attached to a vinyl group and made into a polymer, 
it is, like polystyrene, an insulator. Polymers formed 
from ferrocene molecules (8) linked by -CO- 
(i.e., the polyketones) show 


groups 
limited semiconduction, 
ranging from 10° to 10"! mho/cm, whereas linking them 
with benzal groups gives polymers with conductivities 
of 10° to 10° mho/cm. 

Polyphenyl, a linear chain of aromatic rings (6). 
showed a conductivity of about 10°: polytetrachloro- 
pheny! thioether, a conductivity of either about 1 mho 
cm or 10%, depending upon the method of preparation. 
The latter compound, if placed between silver and 
platinum electrodes, shows rectification. Work has been 
reported (9) on a vulcanized aromatic hydrocarbon type 
of polymer made with sulfur and aromatic hydrocarbons 
which exhibited a conductivity of 10°+. 

Copper phthalocyanine polymer with extensive cross- 
linking has been found to have conductivities of 104 
and 10° mho/cm.(10) The conductivity is higher than 
that of the corresponding monomer (10° to 10°! 
mho/cem), and is perhaps a good illustration of the 
efficacy of polymerization in increasing the electronic 
conductivity. 

Polyvinylidene chloride, which is normally a polymer 
of good insulating quality, may be converted to a poor 
semiconductor (10°%* mho/cm) by chemical treatments 
which extract HCl.(//) 

Proteins in the dry state conduct slightly, but as in the 
case of albumin (10°! mho/cm) may be insulators. In 


88 


Three possible ways of using organic semiconductors 
in electronic devices are suggested in these diagrams: 
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C. Semiconductive polymer used as backing to reduce 
electrostatic effects on instruments. 


the wet state, they conduct appreciably (about as well 
as water). and it is thought that hydrogen-ion transfer 
is involved. 


The “Superpolymers” 

We shall also consider here certain three-dimensional 
polymers (actually materials pos- 
sessing far-reaching order or dimension) such as the 
As already de- 
fined, pyro-polymers and polymer carbons are obtained 


“superpolymers’ —i.e., 
pyro-polymers and the polymer carbons. 


as a result of the pyrolysis of organic compounds. The 
former are (somewhat arbitrarily) distinguished from 
the polymer carbons by composition, in that they have 
been pyrolyzed to a limited degree (say, 1200 C) and 
still contain appreciable amounts of elements other than 
carbon, such as hydrogen, oxygen and/or nitrogen. 
The pyro-polymers can be prepared by the pyrolysis 
of most organic compounds in an inert atmosphere. A 
single starting material may thus be made to show a 
wide range of electrical properties (12, 13), ranging from 
p-type to n-type, from insulator to metalloid (10-** to 10*° 
mho/cm), merely by varying the heat treatment- 
especially the maximum heat-treatment temperature, 7',,. 
As this temperature increases through the range 400 to 
700 C, high concentration of free radicals appears 
and again almost disappears. Interesting results are ob- 
tained by dispersed metal 
atoms (14), and one may at will produce materials of a 
widely resistance- 
free radical 


incorporating atomically 
varied conductivity, Hall constant, 
pressure coefficient, magnetic susceptibility, 
content, resistance-temperature coefficient, or electron 
degeneracy. As a general rule, these materials are 
property-stabie up to temperatures to within about 150 
C of the 7, value, provided oxygen is excluded. 

The pyro-polymers apparently are comprised of large 
highly condensed aromatic ring structures arranged in 
small nets lying in stacks. The X-ray evidence tells us 
that the stacks lie jumbled. The carriers arise from dis- 
sociations within the nets, and from interactions due to 
defects at the periphery of the nets. Similar remarks 


ELECTRO-TECHNOLOGY 





apply, for the most part, to the polymer carbons. At 
much higher heat-treatment temperatures (about 2800 
to 3200 deg C) the polymer carbons become substantially 
graphitized. They are then practically pure carbon. 


The Future 


At this juncture let us make a few brief guesses at 
what might be reasonably expected—and perhaps what 
might not be so reasonably expected—from studies made 
on the organic semiconductors. It seems likely, from 
what we now know, that much more needs to be learned 
in the realm of organic semiconductors before the high 
efficiencies of electron transfer processes now obtainable 
from the inorganic semiconductors can be attained with 
the organics. For example, the possibilities for making 
commercially useful transistors from organic materials 
still seem remote. There are, however, many other po- 
tential uses besides making transistors, and it is there 
that organic polymeric semiconductors may be of greatest 
value. It may very well be, as we look back a hundred 
years from now, that someone may judge that the greatest 
contribution to human progress resulting from our 
studies on organic semiconductors lies in contributions 
to our understanding of certain important biological 
processes. We know that some biological processes such 


as photosynthesis, initiation of photosensitive carci-— 


nogenesis, as well as processes involved in vision, are 
strongly concerned with activated electron transfer in 
organic polymeric media. 

On the other hand (and more closely related to the 
scope of this review), the greatest contributions may 
come simply from the added interpretations of electron 
transfer processes which man could apply broadly. The 
concepts and techniques of molecular engineering (15) 
would then be applied to achieving optimum results in 
these materials. The tremendous flexibility of polymer 
chemistry and polymer physics offers fertile fields for 
such achievements. 

Among the possible uses one may now foresee for elec- 
tronically active polymers are the following: 

It now appears that certain semiconductive polymers 
have perhaps the highest known and stably reproducible 
coefficient of resistance change with pressure. Use at 
high pressures and temperatures up to 800 C has been 
successful. Semiconducting polymers can be used as re- 
sistive elements having selected properties such as zero 
coefficient of resistance change with temperature, or a 
desired positive or negative change. Such polymers may 
potentially be useful as thermoelectric power sources, 
although probably are not highly efficient. 

The polymeric semiconductors could be applied as 
anisotropic semiconductive coatings, as photovoltage 
sources, or possibly as photoelectric devices, for they 
change conductivity upon illumination. Photovoltaic cells 
made up of layers of magnesium phthalocyanine and 
air-oxidized tetramethyl p-phenylenediamine, or of coron- 
ene coated with a layer of o-chloranil were investigated 
in 1953. (6) More recently (16), considerable rectifica- 
tion was obtained on making phthalocyanine layers con- 
fined by two differing metals, and bearing traces of an 
acid. These rectifiers were operable at 60 cps and had 
forward-to-reverse current ratios of up to 500 cps. The 
action was proved to be electronic and not simply ionic, 
for long-continued passage of current did not change the 
conductivity. Organic materials are generally quite 
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“ohmic,” and show little change in resistance with elec- 
tric field change until rather high fields are used. 

Among the other possible uses for polymeric semi- 
conductors in electronics are as components of ferro- 
electric devices, of microphones, of parametric circuit 
elements, of hydromagnetic devices, cold-emission elec- 
trodes, or as information-storage components. 

It can also be suggested that semiconductive polymers 
may find application as fuel-cell electrodes; phosphor 
modifiers and coatings for color lighting; as semiconduc- 
tive layers or films to heat surfaces or remove charges 
from them. One very promising outlook is for their use 
in electrically applied coatings. 

There are some indications from the work at Prince- 
ton that flexible, semi-transparent semiconductors of 
plastic are feasible. Small samples of such materials have 
been prepared. 


Summary 


In sum, it may be said that the study of polymeric 
organic semiconductors is a field rich in potential. It will 
doubtless cast important light on the whole matter of 
the nature of conduction and electron transfer processes 
in molecular solids. These results will be far-reaching, 
extending well into our understanding of important bio- 
logical mechanisms. The study of polymeric semiconduc- 
tors may also lead to important devices or other applica- 
tions by virtue of their wide variability of character, 
their potential low cost, and peculiar attributes poten- 
tially attainable—such as flexibility, transparency, or 
mechanical ruggedness. OOO 
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Shock/Vibration Testing 


Gains Speed 
and Precision 


Increasingly critical reliability demands are 
steeply raising the total amount of testing 
to be done. and at the same time calling 
for greater precision. Convenient and rapid 
methods of measuring and calibrating test 
parameters can add both speed and accu- 
racy to the tests. This two-part article de- 
scribes a new spectrum analyzer and dis- 
cusses the various methods of calibrating 


shock and vibration pickups. 


1. The MB Electronics Spectrum Analyzer 


RICHARD BOYNTON, Project Engineer 
MB ELectronics 

Division of Textron Electronics, Inc. 
New Haven, Conn. 


A SINGLE sinusoidal function can be completely defined 
by measuring three quantities: peak amplitude, fre- 
quency, and phase with respect to some reference point 
in time. Similarly, a random function can be specified 
by three quantities: the standard deviation, the power 
spectral density, and the amplitude distribution. These 
quantities must be measured in the laboratory. A complex 
waveform, for example, cannot be evaluated by casual 
observation on an oscilloscope. Careful measurement is 
necessary to analyze the structural details. 

Various types of instruments are available for the 
analysis of complex waveforms. Many of these operate 
satisfactorily if the nature of the input signal is periodic, 
whereas others perform properly if the analysis time 
is extended over a long period. The MB Multi-Band 
Spectrum Analyzer overcomes both of these deficiencies 
in one instrument and accomplishes in seconds what 
formerly required hours. 

The new spectrum analyzer represents a new concept 
in spectral analysis of a random or complex motion 
spectrum. Unlike conventional sweeping systems, the 
multi-band unit presents an almost instantaneous reading 
of conditions at a vibration exciter table. 

A bank of 80 narrow-bandwidth filters enables this 
rapid analysis of a complete spectrum. This analysis of 
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the complete spectrum differs from that provided by 
conventional units. Conventional sweeping units present 
data at one point only in the spectrum at a specified 
moment. By the time the full spectrum has been swept 
to the high end, data at the low end may have changed. 

Meaningful analysis of a random signal requires rapid 
anlysis of the complete spectrum. The multiband analyzer 
can provide a complete analysis in 15 sec or less. Con- 
ventional sweeping equipment usually takes from ten 
minutes to a half-hour to complete an analysis. 


Rapid Evaluation 


It is no longer necessary to record a transducer signal 
on magnetic tape and analyze specific closed-loop sections 
to insure that each segment contains a stationary random 
function. The multi-band analyzer responds in seconds, 
thus presenting a continuous display of the spectral con- 
tent of the input signal. If a change occurs in the nature 
of the input, this can be detected with very little delay. 
Furthermore, this is achieved with an averaging time 
sufficiently long to provide accuracy when the input 
signal is a random function. 


Principle of Operation 


In the MB analyzer, the input-signal bandwidth is 
selected with an input selector switch, Fig. 1. An input 
attenuator is adjusted to insure that the analyzer circuits 
are not overdriven. A wideband filter is selected which 
restricts the input spectrum to the capability of the in- 
strument. The wideband signal can be selected and 
monitored directly on the power spectral density meter 
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or translated to the 100-102 ke region using a balanced 
modulator driven with a local oscillator. 

Selection of the upper sideband is accomplished with 
the multiple filter bank where the signals are separated 
into channels with contiguous magnetostrictive filters. 
Each channel is amplified and detected with a multiple- 
channel transistorized amplifier assembly. Smoothing is 
achieved with a detector-filter combination providing 
the least error consistent with a given bandwidth/smooth- 
ing-filter combination. 

Each filter can be monitored with the spectral-density 
voltmeter to obtain a readout in a narrow-band sense. 
In addition, the detector output can be sequentially 
scanned and presented on an oscilloscope or an X-Y 
recorder. A marker pulse is generated by the scanner to 
provide rapid indentification of various frequency com- 
ponents when using the oscilloscope. 


Choice of Readout 


The output information must be presented in a useful 
form. Three types of readouts are available. An accurate 
display on a voltmeter indicates the power spectral den- 
sity in each channel. The multiple filters can be scanned 
with a multiple-channel scanner and the entire spectrum 
displayed on an oscilloscope. If a permanent record is 
desired, the scanner output can be applied to an X-Y 
recorder. Apparatus is available to provide either a 
linear display or a logarithmic one, the choice being 
dependent upon the dynamic range of the input signal. 


Applications 


In terms of vibration-testing applications, the MB 
spectrum analyzer can be utilized in three distinct areas. 


In one, the equipment is used in conjunction with a 
manual equalizer for a random-motion system to equal- 
ize specimen resonances at the exciter table. In this 
area, equalization time can be reduced sharply through 
multiband equalization equipment. 

A second area of application for the spectrum analyzer 
covers actual vibration-test monitoring. In this applica- 
tion, the equipment gives an almost instantaneous indi- 
cation that test conditions have changed. Changing con- 
ditions can be indicative of imminent failure in the test 
specimen or test fixture. Loosening of mounting bolts 
or specimen components shows up on the analyzer. The 
immediate nature of the warning given by the equipment 
allows the test to be stopped before damage can be done 
to the specimen or equipment. It is also possible, through 
photographic techniques, to record the frequency charac- 
teristics shown by the analyzer at the moment the shaker 
has to be shut down. This information is valuable in 
tracing the nature of the failure. 

In a third application, the spectrum analyzer forms 
a feedback loop for MB’s automatic equalizer system 
for random-motion vibration-test systems. It monitors 
the spectral density at the table and indicates when the 
system is equalized. It is also useful for shaping the 
specimen when a flat response is not desired. This trend 
to shaped spectrums is increasing. 

In addition to vibration-testing applications, the spec- 
trum analyzer can be used in many other applications 
involving analysis of a random signal. The spectrum 
analyzer has been successfully applied to the analysis 
of information from various types of transducers. For 
example, a missile being launched into space is subjected 
to mechanical forces which can be measured with force 


L. 
50 


PF 
O cps 
LP 


Input IO 
Input IO 
Input ITO 


Input 
selector 


Input 
attenuator 


Calib. inputo 


Ext 
noise 
generator 


Norrow-band 
selector 

Osc. freq. control 

100, 98,96 ke 


Audio 
amplifier 
Local 
oscillator 


Contiguous 
narrow 
band-pass 


filters filter 


Power 
amolifier 


FrLicideas 
P1280 caeh 


Multiple-channel 
ampl.,det., 
and smoothing 


Wide - band 
filter 
selector 


Wide -norrow 
band selector 


Spectral 
density 
meter 


PF 
00 cps 
PF 


Output 
attenuator 


Amplifier 


Multiple- 
channel 
scanner 


Filter 
selector 


a ett oki 


Fig. 1 — Block diagram, MB Spectrum Analyzer. 
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gages or accelerometers. Furthermore, these forces gen- 
erated by the power plant vary, depending upon the loca- 
tion of the transducer. Dynamic characteristics of the 
missile change as a function of time as the rocket fuel 


is consumed and as the various stages separate; spectral 
changes must be rapidly measured and indicated. Thus, 
any information which can be transformed into a voltage 
signal can be evaluated with this unique instrument. 


2. Calibration of Shock/Vibration Pickups 


R. R. BOUCHE 

Supervisor, Standards & Analysis Section 
EnpDEvcO CORPORATION 

Pasadena, Calif. 


RECENT ADVANCES have made it possible to verify ex- 
perimentally the performance characteristics of shock 
and vibration pickups throughout their useful frequency 
range. The ASA Standard, $2.2-1959, describes the cali- 
bration methods available in laboratories throughout the 
country. (1)* Since the publication of this standard, an 
electrodynamic vibration exciter usable to 50.000 cps 
and a shock motion calibrator which produces half-sine 
waves at accelerations up to 15,000 g have come into use. 
At zero frequency and frequencies up to 10 cps, tilting 
supports and centrifuges may be used to calibrate pickups. 


Low-Frequency Calibration 


Constant-acceleration (zero frequency) calibration 
methods include the tilting support and the single cen- 
trifuge. These two calibration methods are accurate and 
simple to perform. The most important pickups cali- 
brated by these two methods are those used to measure 
low-frequency or nearly static accelerations. The first 
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Fig. 3 — Shock-motion calibrator. The accelerometer and anvil 
are struck by the steel ball (circled) dropped down the tube. 
A photojunction cell triggers the sweep on the oscilloscope just 
prior to impact and the camera photographs the output from 
the accelerometer. Two additional photojunction cells measure 
the velocity of the accelerometer by starting and stopping the 
electronic timer. 
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method makes use of a tilting support to accurately posi- 
tion the acceleration pickup in the earth’s gravitational 
field. Tilting supports can be very precisely constructed. 
As a result, it is expected that calibration errors of 0.0001 
gz or less can be achieved. In the second method, the 
acceleration pickup is placed off-center on a centrifuge. 
This method is widely used for performing calibrations at 
constant accelerations greater than the acceleration of 
gravity, with errors of less than 1 per cent. 

The physical pendulum produces nearly sinusoidal mo- 
tion that slowly decays due to air resistance and other 
losses in the pendulum. Although inherently a very ac- 
curate calibration method, it is limited to frequencies 
near 1 cps and, therefore, few calibration laboratories 
make use of it. Another useful calibrator for use from 
0.7 to 10 cps is the dual centrifuge. (1) The pickup to be 
calibrated is placed off-center on a small centrifuge which 
is mounted off-center on a large centrifuge. When the 
two centrifuges are turning in opposite directions at the 
same speed, the acceleration applied along the sensitive 
axis of the pickup varies sinusoidally. There is also 
sinusoidal acceleration of the same magnitude applied 
simultaneously in a direction perpendicular to the sensi- 
tive axis of the pickup. Accordingly, this calibrator 
should be used only for those pickups that have negligible 
transverse sensitivity. 


Fig. 2— Frequency response of a piezoelectric accelerometer 


measured on an electrodynamic vibration pickup calibrator. The 
resonance frequency of this accelerometer determined by the 
sinusoidal motion method is 14,400 eps. The resonance fre- 
quency of most available piezoelectric accelerometers is at a 
much higher frequency. 

<—é 





ELECTRO-TECHNOLOGY 








Sinusoidal Calibration to 10,000 cps 


The National Bureau of Standards and the leading 
manufacturers of shock and vibration pickups provide 
calibration services at frequencies up to 10,000 cps. The 
primary standard at NBS is calibrated by the reciprocity 
method, with errors which do not exceed 1 per cent at 
frequencies up to 900 cps and 2 per cent up to 2000 cps. 
Interferometry is used with approximately the same ac- 
curacy at frequencies up to at least 10,000 cps. Calibrat- 
ing by these methods requires a series of tedious and 
time-consuming measurements. Therefore, calibrations 
of reference vibration standards are usually performed 
by comparison with the NBS reciprocity-calibrated prim- 
ary standard or to an interferometric-calibrated standard. 

Comparison calibrations are performed accurately on 
electrodynamic vibration exciters suitable for use at 
high frequencies. Generally, the axial resonance of the 
moving parts of the exciter should be higher than the 
highest calibration frequency. If calibrations are to be 
performed near the axial resonance, the relative motion, 
if any, between the reference standard pickup and the 
pickup being calibrated must be determined independently 
by experiments. This is usually not a serious problem 
because exciters that have sufficiently high axial reson- 
ances can be selected. 

Figure 2 illustrates a calibration performed on a 
piezoelectric accelerometer by the comparison method. 
The reference vibration standard used for this calibration 
was previously calibrated at the NBS at frequencies up 
to 10,000 cps. Small errors due to approaching the axial 
resonance of the exciter are present above 10,000 cps. 
The axial resonance of the exciter used is 55,000 cps. 
Therefore, the entire calibration is quite meaningful. 

Apparently, based upon theoretical considerations, the 
manufacturer states a resonance frequency of 65,000 cps 
for a pickup. However, the resonance frequency deter- 
mined experimentally is 14,400 cps (Fig. 2). This indi- 
cates the need to perform calibrations at high frequencies 
to verify experimentally the performance of pickups. Most 
available piezoelectric pickups have their resonance fre- 
quency below 50,000 cps. Therefore, they may be evalu- 
ated on high-frequency electrodynamic exciters or suit- 
able shock-motion calibrators. 


Shock-Motion Calibrations to 15,000 g 


The recent development of a new shock-motion cali- 
brator has provided an accurate means for calibrating 
pickups with half-sine-wave applied accelerations from 
100 g and 2 millisec duration to 15,000 g and 0.05 
millisec. (2) The calibrator, Fig. 3, consists of a 2-in. 
diam steel ball which is permitted to fall freely approxi- 
mately 3 ft and strike a steel anvil to which an accelera- 
tion pickup is attached. The ball imparts a shock motion 
to the anvil which is permitted to accelerate freely down- 
ward through the hole in the bottom steel plate into a 
cushioned box while the ball is caught automatically 
by a rubber retaining ring. An absolute calibration of 
the pickup is performed by measuring the velocity of 
the anvil due to impact and equating it to the area under 
the half-sine-wave output from the pickup. 

The calibration combines the advantages character- 
istic of the ballistic pendulum and the conventional im- 
pact-drop machine. Like the pendulum, the impacting 
parts are very rigid and of simple geometric design. The 
steel ball and cylindrical anvils have no resonances 
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Fig. 4— Typical absolute calibration performed on the shock- 
motion calibrator at 1000 g. The pulse duration is greater than 
five times the natural period of the accelerometer. 


>| 02 millisec 


Fig. 5— Excitation present for an accelerometer with a low 
resonance frequency. The resonance frequency of this pickup 
determined by the shock-motion method is 14,500 eps. 


throughout the range in which the shock machine is used. 
Thus, the machine produces shock-motion pulses without 
distortion and no filtering circuits need be used on the 
pickup output. Typical calibration results are shown in 
Fig. 4. Calibrations are performed with pulses of dura- 
tions at least five times the natural period of the pickup 
in order to avoid pickup resonance-frequency excitation. 
The estimated errors in the applied accelerations are 
less than 5 per cent. 

The shock-motion calibrator is also very useful for 
measuring experimentally the resonance frequency of 
piezoelectric accelerometers. By applying a pulse of dura- 
tion approximately three times the natural period of 
the pickup, pickup resonance-frequency excitation is 
evident in the output (Fig. 5). The resonance frequency 
is determined by comparing the output to the theoretical 
response for the ideal pickup. (3) The same pickup was 
used to obtain the data in Figs. 2 and 5. The agreement of 
the experimentally determined pickup resonance fre- 
quency by the sinusoidal and shock-motion calibration 
methods is good. Oo0Oo 
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the word is 


RELIABILITY... 





e ls it definable? 


e@ Toward a narrower concept... 
or broader? 


e Are accepted meanings vague... 
or contradictory? 


Organized symposia can clarify and even resolve differences of opinion. 
& ¥ ) p 


but informal statements simply placed together can be uniquely reveal- 


ing. In an effort to illuminate some of the various corners of the big black 


box we’ve been calling “‘reliability.”’ 


we posed three questions for free 


and easy comment by randomly selected persons known to be seriously 


concerned with the word and its implications. 


THE worbD reliability is encountered everywhere. Rather 
than abating, the use of the word seems to increase 
steadily despite the fact that in many quarters there 
are signs of reliability-weariness. 

What is there about a word and the concepts behind 
it that can invite so much debate on its very meaning? 
For years past, and right up to the present moment, 
speakers and writers invariably seem compelled to grope 
for a definition of the word before discussing any 
aspect of it. An entirely typical remark for a “reliability” 
address was made recently by Mr. Dan Noble of Motor- 
ola, when he said: 


“Reliability is a subject which has gathered a more 
mountainous accumulation of words in the dead-storage 
archives of our electronics libraries than any other sub- 
ject ever considered by scientist or engineer—and with 
little definitive, effective action, I might add.’’* 


Again, typically, the very first page of Diamond Ord- 
nance Fuze Laboratories’ Reliability Engineering Notes 
advises: 


“The field of reliability is quite new and expanding 
rapidly. As yet, there is very little standardization of 
definitions of terms. Currently, a mixture of definitions 


* Quoted by Mr. Robert C. Sprague, Chairman of the Board, Sprague Electric Co. 
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from the fields of engineering, statistics, mathematics, 
logic and quality control is being used. This is somewhat 
unfortunate, because different terms are used in these 
different fields to denote the same concépt. Even worse, 
the same term may mean one thing in one field and quite 
another thing in another field. For instance, the term 
‘failure rate’ is defined in at least six completely different 
ways denoting six completely different concepts. Even in 
some of the contributory fields, this situation is extant. 
Thus, in the field of quality control, the term AQL has 
at least eight different meanings.” 


The foregoing note probably gives an important clue 
to the constant need for definition of “reliability.” The 
word has roots in many different fields, and these are 
not all technical. The word therefore is neither obscure 
nor ambiguous—qualities which can be relieved by 
arbitrary definition—but suffers from being multi-rooted, 
and incurably so. Recognizing this, the various sectors 
of our technology must learn to appreciate each other’s 
value for the word, and to recall that there is not one 
“reliability,” but several. 

For our purpose, informality was emphasized; this is 
neither a “symposium” nor a “panel discussion.” These 
are purely professional opinions, and are not even 
necessarily the official views of the organizations with 
which these persons are affiliated. —A.E.R. 


ELECTRO-TECHNOLOGY 





QUESTION: A definition of reliability is difficult to devise, and probably would have 
little real usefulness. However, is it possible that the word "reliability" may be strength- 
ened by defining the concepts that the word should, and those it should not, include 
within its scope? 


e The first step in meeting the objec- 
tives of AGREE (Advisory Group on 
Reliability of Electronic Equipment) 
was to develop a clear workable defini- 
tion of reliability. It was agreed that 
acceptable operational effectiveness in 
military systems would never be ob- 
tained with specifications telling the 
contractor that “a high degree of re- 
liability in this system is mandatory” 
or “the design must meet the highest 
standards of reliability.” Standards 
had to be determined—and even more 
fundamentally, they had to be specified 
and measurable. 

It was generally accepted that mini- 
mum acceptability figures for reliability 
should be in terms of the average 
number of hours an equipment must 
operate without failure under specified 
operational and environmental condi- 
tions, and that these terms should be 
supported by an acceptable statistical 
confidence level. Using this as a guide, 
the Group defined “reliability” as the 
probability that a system will perform 
a required function under specified 
conditions without failure, for a speci- 
fied period of time. Inherent reliability 
was also defined as the reliability po- 
tential present in the design. The Group 
emphasized that inherent reliability is 
established by the basic design of an 
equipment, and can be improved only 
by design changes. Thus, it distin- 
guished between reliability as a result 
of design, and reliability as a result 
of operational use. 


From: “AGREE, Reliability in Action,” 


Hoffman Electronics Corporation, 
Vilitary Products Division, Los Angeles, 


California 


@ We need a definition of “reliability 
technology”’—meaning what do relia- 
bility people do—rather than further 
juggling with the accepted definition 
of reliability as the probability of suc- 
cess. Our definition is: “Reliability is 
the technology of predicting, control- 
ling, measuring and reporting both fre- 
quently and infrequently occurring 
modes of failure by development and 
application of technology and manage- 
ment disciplines and supporting data.” 


Leslie W. Ball, Director of 
Reliability, Aero Space Division, 
Boeing Airplane Company, Seattle, 
Washington 


e A definition of reliability is difficult, 
indeed, and a general definition cover- 
ing all kinds of devices and equipment 
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may not be possible. Normally, the fol- 
lowing definition is given: “Reliability 
is the probability of performing without 
malfunction a_ specified task under 
given conditions for a specified period 
of time.” This definition can hold only 
for one-shot weapons which are 
not maintainable during active life. 
For equipment receiving maintenance 
by replacement of defective compon- 
ents, the MTBF (mean time between 
failures) is a justified measurement of 
reliability because in this case the 
MTBF is the only significant para- 
meter of the lifetime distribution. How- 
ever, if preventive maintenance actions 
are taken, we need more knowledge 
about lifetime distributions than 
MTBF. For example, devices failing 
due to chance (exponential lifetime 
distribution) cannot be made more re- 
liable through preventive maintenance. 


E. G. Pieruschka, Reliability Staff, 
Vissiles and Space Division, Lockheed 
Aircraft Corporation, Sunnyvale, 


California 


e Reliability is an engineering design 
parameter which must be expressed in 
a manner that satisfies the purpose for 
which the system is being designed 
to perform. The one definition of “re- 
liability” which I have found to satisfy 
the programs on which I have worked 
is as follows: “Reliability is the proba- 
bility that the system will perform its 
function within specified requirements 
for a specified period of time.” This 
definition automatically eliminates defi- 
nitions which include such factors as 
scheduled maintenance and_ replace- 
ment of time-significant items before 
they reach the wearout point. Any “re- 
liability” definition which includes 
these factors is no longer “reliability”, 
but more properly “incommission rate.” 


James H. Allen, Reliability 

Department Manager, Program ADVENT, 
Aerospace Corporation, Los Angeles, 
California 


e There are almost as many definitions 
of reliability as there are agencies or 
committees to define it. One thing that 
practically all definitions have in com- 
mon, however, is inclusion of the word 
“time.” The probability of performing 
satisfactorily for a specific period of 
time is a common definition of relia- 
bility. If we define a “quality” item as 
one which performs properly today, 
then—in principle at least—it is possi- 
ble to measure “quality” precisely. Re- 
liability, on the other hand, pertains 


to the future rather than to the present. 
By its very nature, therefore, precise 
measurements of reliability are impos- 
sible. Reliability is, and always must 
be, specified and controlled as a sta- 
tistical quantity in terms of probability. 
The most frequently used formula in 
the field of electronic reliability 1s: 


reliability — e */™ 


This formula expresses the probability 
that an item whose mean-time-between- 
failures is M will still be functioning 
at some future time, t. It will be ob- 
served in this formula that at some 
initial time, t = 0, the probability of 
satisfactory performance is equal to 
one. That is to say that the item must 
operate perfectly before we can even 
begin to measure reliability in terms 
of mean-time-between-failures. 


— John M. Wuerth, Chief Reliability 
Advisor, Autonetics, A Division of 
North American Aviation, Inc., 
Downey, California 


e The classical definition of reliability 
has always—in one form or another— 
dealt with probability and statistical 
prediction. As a result, until recently, 
the common concept of reliability has 
been of a largely mathematical activity, 
dealing with after-the-fact analysis of 
terminal equipment conditions, which 
the reliability engineer had done noth- 
ing to produce. 

While statistical prediction, measure- 
ment and testing are important, reli- 
ability cannot be merely a numerical 
index of an equipment condition, but 
perhaps more importantly must also 
be a process of exercising control to 
instill reliability into equipment. Any 
meaningful specification of reliability 
should include a statement of the meth- 
ods by which reliability can be 
achieved, and the controls necessary 
to achieve the reliability. These controls 
must be able to provide the corrective 
action required to design satisfactory 
reliability into a system. Reliability 
does not just “happen”; it must be 
instilled in the design. 

There is really not a “single” reli- 
ability to be considered, but several: 
“inherent” reliability, involving only 
the design of the equipment and the 
selection of parts and materials for 
that equipment; “production” reliabil- 
ity, the reliability built into the system 
by adequate or inadequate workman- 
ship; and finally, “operational” relia- 
bility, the manner in which the system 
is utilized in the field. This last relia- 
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bility is peculiarly dependent on human 
factors—i.e., on how well the equipment 
has been designed for ultimate use. 

It should be pointed out that statis- 
tical definitions of reliability have in 
the past ignored the human reliability 
aspect, and therefore inevitably distort 
the true picture of overall system re- 
liability. 

Admittedly, in the foregoing no new 


definition of reliability has been  pro- 
posed, and in fact none is actually 
needed. Reliability is simply the likeli- 
hood that the total system will operate 
in the manner and at the times for 
which it was designed, and by whom 
it was designed to be operated. 
Reliability can be achieved only if 
one is concerned about the reliability 
activities needed to achieve this end- 


condition, rather than being concerned 
about the end-condition alone. Only in 
this expanded sense of the term can 
reliability organizations actually in- 
crease reliability. 
D. Meister, Head of Reliability 
Human Engineering Group, Convair 
Astronautics, a Division of General 


Dynamics Corporation, San Diego, 
California 


QUESTION: Reliability is a total purpose, involving system and detail design, materials 
and components research and evaluation, test organization and analysis, and specification 
and procurement factors. What are now the most pressing problems or deficiencies in the 
overall engineering purpose of reliability? 


@ In the immediate future there are 
three major problems: 

1. Raising the professional level of 
reliability personnel. 

2. Integrating reliability programs 
with schedule control systems so as to 
provide the time necessary to execute 
the disciplines that are essential to re- 
liability achievement. Schedules that do 
not allow reliability creation and as- 
surance disciplines to be performed 
are the greatest enemy of reliability 
achievement in automated equipment. 

3. Developing industry-wide experi- 
ence-retention methods. Reliability is 
an empirical technology based on fail- 
ure-experience retention. We advance 
only to the extent that we supplement 
“quick fixes” and “corrective actions” 
for a particular piece of equipment 
with “experience-retention action” that 
will reduce the probability of recur- 
rence of the same employee errors on 
future equipments. 


Leslie W . Ball, Director o} 
Reliability, Aero Space Division, 
Boeing Airplane Company, Seattle, 
Washington 


e From the earliest phases of a project’ 


through its final field use, there is need 
for an integrated program of definition 
and control. Conflicting perspectives 
and misunderstanding cause much con- 
tention and effort wasted at cross pur- 
poses. There are fundamental organiza- 
tional problems which need clarification 
and definition, such as control by “line” 
vs “staff,” optimum levels for designated 
authority, and methods for central con- 
trol compatible with modern concepts 
of decentralized authority. 

In all these areas of controversy, a 
major factor seems to be a breakdown 
of the means of communication. It is 
true that a great deal of reliability 
engineering must be performed at the 
working engineering levels, but just 
as “quality control” in its established 
factory sense has cradle-to-grave im- 
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plications, so does reliability control. 
It is essential, therefore, that reliability 
policy and top reliability control be 
established at an organizational level 
with influence and authority across all 
the departments, not just in engineer- 
ing. There can be only one across-the- 
board control operation in any com- 
pany, and this must be an organiza- 
tion with a program to give assurance 
to management and to the customer 
that total quality, total reliability, total 
value and other total control efforts will 
be exercised as needed. A formal pro- 
gram for reliability control and product 
assurance is a must for the success of 
all future projects involving complex 
systems. 


C. M. Ryerson, P. E., Chairman 
National IRE-C31 

Reliability Standards and 
Definitions Committee 


e Pressing problems in the overall 
field of reliability engineering are edu- 
cation and the indisputable establish- 
ment of reliability as a science. To at- 
tain these goals, reliability must be 
admitted into the academic curriculum 
with its own professional chairs at the 
universities, 


E.G. Pieruschka, Reliability 
Staff, Missiles and Space Division, 
Lockheed Aircraft ¢ orporation, 
Sunnyvale, California 


e The most pressing problem in im- 
plementation of reliability programs is 
the need for parts and materials appli- 
cation data, failure-rate data as it per- 
tains to a variety of conditions of use, 
and a complete understanding of the 
modes of failure of parts and materials 
throughout the entire parts and ma- 
terials industry. The need for these 
data has been recognized on many 
programs large enough to support in- 
dividual improvement programs. These 
programs, while generally effective in 
obtaining data for a specific project or 


system, supply data which are either 
totally inapplicable or unavailable to 
the designers of other systems. There 
is no intent in the various parts-im- 
provement programs in operation today 
to hide data, nor is it normally refused 
under the need-to-know clauses. Gen- 
erally, these data are refused because 
the companies conducting the programs 
do not have the time, manpower, and 
automatic tabulation equipment neces- 
sary to supply their own needs, plus 
the information desires of all other 
interested contractors and agencies. 


James H. Allen, Reliability 

Department Manager, Program ADVENT, 
Aerospace Corporation, Los Angeles, 
California 


e@ One of the first and most important 
steps toward achieving reliability is a 
realistic approach to the establishment 
of basic specifications. In too many 
cases, all of us—in both industry and 
the military—have permitted the in- 
clusion of performance frills in speci 
fications. Unnecessarily stringent ac- 
curacy requirements, for example, may 
require the inclusion in an_ inertial 
guidance system of equipment to cor- 
rect for minor variations in the earth’s 
gravitational field. This, of course, in- 
creases the complexity, which in turn 
increases the number of things which 
can fail. 

This problem of realistic specifica- 
tions is certainly a two-way street. It 
requires understanding on the part of 
the military, but it also requires an 
aggressive attitude on the part of in- 
dustry to be sure that the implications 
of desirable, but unessential, require- 
ments are fully understood by all con- 
cerned. 

The next most important item for 
attaining reliability is what we mean 
when we say, “reliability must be a 
way of life.” The key to an effective 
reliability program certainly rests with 
engineering, both in the development 
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of reliable designs and in the estab- 
lishment of numerical reliability goals 
which can serve as guides in the estab- 
lishment of procurement specifications, 
test programs, etc. General experience 
to date, however, has indicated that the 
majority of equipment failures results 
from small human failures, rather than 
from basic conceptual deficiencies. 

Although motivation must of course 
be the responsibility primarily of line 
supervision in each and every segment 
of the organization, it is not unreason- 
able for quality control to assume the 
lead in seeing that appropriate pro- 
grams are established and carried out. 
The direct role of quality control is 
becoming ever more vital as the prob- 
lems of unreliability become better 
understood. Let us never lose sight, 
however, of the indirect role which 
quality control must also play in help- 
ing to understand the true problems of 
reliability. 


John M. Wuerth, Chief Reliability 
Advisor, Autonetics, a Division of 
North American Aviation, Inc., 
Downey, California 


e The greatest difficulty reliability has 
as a discipline is an inability to specify 
very clearly the operations necessary 
to achieve a specified reliability. Relia- 
bility engineers say, for example, that 
for a particular equipment they need 


to achieve 0.99 reliability for a con- 
tinuous 5-day week operation of that 


equipment. How can they translate 
that criterion into several distinct, 
realistic steps that the designer, fabri- 
cator or user can follow to achieve the 
goal? This is also a matter of being 
able to specify the value of the trade- 
offs that are required. Reliability engi- 
neers must be able to say to the design 
engineer: you do so and so, and it 
will result in a specific increase in re- 
liability. Of course, reliability engi- 
neers can now make certain general pre- 
scriptive statements which are bound, 
if followed, to lead to more effective 
design, fabrication and operation. How- 
ever, they do not know by just how 
much a specific step will increase relia- 
bility. 

For the second major problem, we 
must revert to the concept of “control.” 
Assuming a knowledge of the opera- 
tions necessary to instill higher relia- 
bility into products in the design stage, 
the reliability organization must have 
the power to enforce the use of these 
operations. And here reliability en- 
gineers run squarely into the problem 
of company management. While com- 
pany management is receptive to the 
concept of high product reliability, 
some are not at all receptive to the 
methods required to achieve that high 
reliability. Part of that lack of recep- 
tivity results from the reliability or- 
ganization’s difficulty in specifying the 
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exact operations required to secure a 
specified high reliability. 

Even more important, high reliability 
has a price, whether that price be slip- 
page in maintaining schedules, in- 
creased costs, or weight penalties. Show 
management how to achieve higher re- 
liability without paying these costs, 
and undoubtedly they would be highly 
enthusiastic. As long as_ reliability 
costs exist, however, management will 
act as a partial barrier to the achieve- 
ment of high reliability. Sometimes this 
barrier is justified; one can ask for 
too much reliability at the cost of, for 
example, too much schedule time or 
money. But in most cases, management 
is preoccupied only with the minimal 
performance acceptable to the custo- 
mer, rather than with maximal per- 
formance consistent with state-of-the- 
art limitations. 

There is, however, an automatic 
check and balance to this management 
attitude. Where the customer insists on 
a given high reliability, after due de- 
liberation about the added costs that 
this high reliability will impose early 
in the program, he will get it by de- 
manding it. This insistence occurs auto- 
matically and almost unconsciously in 
highly competitive commercial prod- 
ucts; where the product is a military 
weapon system or other essentially non- 
competitive system, the customer must 
consciously demand and plan for the 
increased reliability he desires. 


D. Meister, Head of Reliability 
Human Engineering Group, Convair 
Astronautics, a Division of General 
Dynamics Corporation, San Diego, 
California 


e I cannot overemphasize the need for 
controlling the quality of design as 
well as controlling the quality of per- 
formance. We find, in reviewing failure 
data from the test sites, that few of our 
failures result from “pushing the state- 
of-the-art.” Many, however, result from 
simple engineering oversights which 
could have been prevented with a little 
forethought. 


Major General Ben I. Funk, in an 
address at the First Annual 
Reliability Symposium, Los Angeles 
Section, American Society for 
Quality Control 


e We have often been told that im- 
provement of reliability depends upon 
the development of better specifica- 
tions. This may be true if we are speak- 
ing of the long-term effect, but there 
are many steps that can be taken to 
improve reliability on a_ short-term 
basis. We need improvement now, if 
we are to favorably affect present de- 
signs. 

Unfortunately, present specifications 
can be interpreted in almost as many 
ways as there are people who read 


them loop-holes that make pos- 
sible such varied interpretations result 
in large measure from the difficulty of 
precisely specifying desired perform- 
ance levels, as well as of setting up 
test procedures that will accurately 
reflect the performance actually being 
obtained. These limitations in the 
realm of specifying reliability have been 
recognized in the report of the Study 
Group on Parts Specification Manage- 
ment for Reliability, better known as 
the “Darnell Report.”* 

There has been flagrant misinterpre- 
tation in the application of the Quali- 
fied Products List. In order to be listed 
on the QPL, a parts or material manu- 
facturer need do no more than prove 
that at one time he was capable of 
producing a small number of units 
that passed certain required tests. A 
QPL listing gives no insight into the 
past performance capabilities of either 
vendor or part, and gives absolutely 
no assurance that future parts will 
be capable of meeting the specifi- 
cation requirements. It is obvious, 
then, that the prime contractor must 
accept the responsibility for guaran- 
teeing compliance with present speci- 
fications by the parts manufacturers. 
Once this responsibility is understood, 
the need for an entirely new specifica- 
tion may often be avoided, since full 
compliance with the intent of the en- 
gineers who prepared the specification 
may be all that is necessary to reach 
the required reliability level. 

I certainly agree that it is important 
that we incorporate in our specifica- 
tions the latest techniques of specifying 
reliability. It has been my experience, 
however, that we have failed to achieve 
a uniform procurement base even 
through the use of the most recent 
specifications. Our present procurement 
policies and directives, as they are usu- 
ally applied, do not always result in 
bidders quoting from the same base. 
Terms and specifications are written 
in such a manner that they cannot or 
do not receive uniform interpretation 
by all concerned. A manufacturer is 
faced with the choice between bidding 
on the basis of reliability or on the 
basis of price. I believe that auction- 
block techniques should not be utilized 
when reliability requirements are suf- 
ficiently important to warrant inclusion 
in the contract. 


— Robert C. Sprague, Chairman o/ 
the Board, Sprague Electric Company, 


North Adams, Mass. 


@ At the time I was president of E.I.A. 
in 1955, the term “reliability” was 
being used widely, but with little un- 
derstanding. It meant many different 
things to many different people. We 
needed both a quantitative and quali- 


* See Exvecraica Manuracturinc, July 1960, p 125, 
for a summary of this report. 
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tative means of defining and measuring 
reliability in a given equipment. In 
characteristic association style, I ap- 
pointed a committee made up of ex- 
perts in the industry and the services 
to make a study of reliability for elec- 
tronic equipment, define reliability, 
and develop a method for measuring 
it. The outgrowth of its work was the 
AGREE report. 

The heart of AGREE reliability pro- 
cedure is fundamentally an accelerated 
test of both components and end equip- 
ment under extreme environmental 
conditions coupled with a precisely 
organized, remedial-action program in- 
dicated by the mathematical interpre- 
tation of the test results. 

The AGREE reliability procedure 
based on pre-testing of components and 
end-equipment is effective for upgrad- 
ing the reliability of electronic equip- 
ment. This has been further confirmed 
by actual flight-test experience. The 
joint program developed by industry 
and the Defense Department and iden- 
AGREE has considerable 
merit. You may not agree with AGREE, 
but you must agree that it works. 

However, a clarification of Defense 
Department policies regarding relia- 
bility specifications on an overall basis 
is badly needed. At the present time, 
only the Air Force had indicated its 
intention of applying AGREE pro- 
cedures on a broad front. This lack of 
uniformity of reliability requirements 
among the three major services is re- 
sulting in increased costs and consider- 
able confusion. We need, and 
badly, a national reliability policy ap- 
plicable to all types of military elec- 


tified as 


need 


tronic equipment and comprehensive 
enough not only to include the com- 
ponent specifications, but to recognize 
the operational use of the end-equip- 
ment. This reliability policy, once es- 
tablished and initiated with all services, 
must be supported and recognized by 
the contracting officers at the point of 
the original bid. 

The Defense Department should also 
establish an equitable policy regard- 
ing the expensive environmental test 
equipment required by component sup- 
plier and end-equipment manufacturer 
to meet the AGREE reliability proced- 
ures. Finally, the factor of the extra 
time required for processing the 
AGREE procedures should be taken 
into consideration at the time the 
original delivery date is established. 


H. Leslie Hoffman, President, 
Hoffman Electronics Corporation, 
Los Angeles, California 


e The major reliability problems ap- 
pear to be program implementation 
and the related question of funding. 
There is still a desire to find the “one 
best way” of organizing for reliability. 
The one thing that seems to be firm 
is that reliability cannot be made 
everyone’s responsibility, but rather it 
must be the responsibility of a specific 
activity or personnel. Concerning fund- 
ing, since much of the technical ac- 
tivity is directly or indirectly funded 
by government agencies, this problem 
can best be discussed from this point 
of view: Since contracts with reliability 
requirements are still somewhat new, 
the attittide by customers on the fund- 
ing of this effort is not clear: is the 


customer willing to fund an expensive 
demonstration program, or will a high 
bid in this area disqualify a proposal 
because of high cost? Do the agencies 
understand the significance of the re- 
liability requirements ihey are stipu- 
lating? Until these questions are 
answered, it may be difficult to obtain 
aggressive support for the implementa- 
tion of reliability programs. 


—M. H. Saltz, Head of Reliability 
{nalysis Group, Engineering Division, 
Hughes Aircraft Company, Culver City, 
California 


e The question has been asked, “What 
is the greatest deficiency in the field 
of reliability engineering?” The answer 
is easy—time, or lack of it. The solu- 
tion? There probably is no solution as 
such. Everything exists as a trade-off 
or compromise. If hardware is needed 
in such a hurry that design and de- 
velopment programs and _ production 
programs exist simultaneously on the 
same equipment, then there is not 
much time left for the exhaustive test- 
ing required for a sound reliability 
program. Reliability must be considered 
as a parameter which is achieved large- 
ly at the expense of other parameters 
such as delivery, performance, weight, 
cost, size, etc. Reliability would be no 
problem if you were given an infinite 
amount of time and with no restrictions 
on weight, size or cost. Reliability, like 
the other parameters, must assume its 
proper perspective as a compromise. 
R. L. Schwerin, Manager of Reliability 
and Quality Assurance, ACF 
Electronics Division, ACF Industries, 
Paramus, New Jersey 


QUESTION: Has there been a general acceptance of a definite meaning for "re- 


liability," or has there been a tendency foward greater looseness of meaning—as, for 


instance, by identification with quality control and other engineering purposes? 


e The concept of reliability has grown 
looser in its meaning with the passage 
of time. To a great extent its meaning 
now depends on the person who is dis- 
cussing it. I am not referring to the 
precise mathematical definition of re- 
liability, which is generally accepted 
as the survival probability of the equip- 
ment under certain conditions for a 
certain period of time. Rather, I am 
referring to the many ramifications 
which are brought into play in order 
to achieve a piece of equipment cap- 
able of meeting its reliability require- 
ments. 

Many things that have been done 
for years have achieved a new dignity 
by being included under the title of 
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“reliability.” I am referring to such 
things as qualification testing, design 
approval testing, type testing, trouble 
and failure reports, failure analysis re- 
ports, life tests, derating, redundancy 
designs, etc. None of the foregoing is 
completely new in concept, and a great 
deal of confusion exists as to where 
the authority and responsibility for 
these items should rest. 

In most progressive organizations, 
the reliability function has been taken 
over by the quality control manager 
rather than by a separate reliability 
group or by the engineering depart- 
ment. In general, the concept of “total 
quality control” is gradually being ac- 
cepted and the Quality Control Manager 


has now become the Manager of Re- 
liability and Quality Assurance. 


R. L. Schwerin, Manager of Reliability 
and Quality Assurance, ACF 

Electronics Division, ACF Industries, 
Paramus, New Jersey 


e Reliability defined in specific proba- 
bility terms, as currently included in 
Military Specifications, is a necessary 
tool for prediction and test purposes. 
I also feet, however, that the word “re- 
liability” itself has been greatly mis- 
used and has tended to cause much 
confusion. I believe that we would all 
be better off if specific activities were 
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Semantic Problems in Reliability 


CLIFFORD M. RYERSON 
West Collingswood, New Jersey 


[Editor's Note: Mr. Ryerson’s remarks 
are quoted from a preliminary paper, 
“Quality Reliability and Related Prob- 
lems in Definitions,” for presentation at 
the IRE C-31 Reliability Committee. 
In addition to being Chairman of the 
IRE Committee, Mr. Ryerson is Chair- 
man, Board of Directors, 7th National 
Symposium for Reliability and Quality, 
and originated and organized the RCA 
Product Assurance Program.] 


THERE ARE MANY clear-cut concepts 
of “reliability” ranging from an ab- 
stract mathematical probability to 
the loosely used dictionary sense 
wherein reliable, dependable, good, 
and quality are synonymous, Each 
of these concepts has a reason for 
existing which is paramount in the 
eyes of its devotees. However, for 
the purpose of eliminating much un- 
productive debate over semantics, 
it is necessary to settle on one clear- 
cut concept. Because industry is 
dedicated to satisfying the cnsto- 
mer, it seems logical to view relia- 
bility from the field users’ viewpoint 
as a product characteristic relating 
performance and time. 

In this sense, a product has high 
reliability if it performs well for 
long periods of time; a group dedi- 
cated to controlling this product 
characteristic is a reliability control 
group; a reliability problem is one 
pertaining to the ability of a product 
to perform well for long periods 
of time whether or not the troubles 
are defined. Since reliability is a 
product characteristic, it can have 
various measures of its effective 
value and may involve many inde- 
pendent techniques directed toward 
its production, design, measurement 
and procurement. 

For many practical purposes, the 
most effective figure of merit for 
describing the reliability character- 
istic of an equipment is its mean 
time between failures under specified 
use conditions. This is usually ab- 
breviated to MTBF. Other figures of 
merit—such as probability of suc- 
cess, probability of survival, ete.— 
have their use in describing relia- 
bility as a product characteristic for 
specific applications and for differ- 
ent types of equipment. System effec- 
tiveness is a common measure now 
used in complex systems. 
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Although the words quality, re- 
liability, value, etc., are synonyms 
in a certain context, a simple analy- 
sis will show that they have clearly 
distinguishable differences of mean- 
ing. They are interchangeable only 
when the differences of meaning do 
not affect the speaker’s intention in 
a given context. The context of usage 
must be clearly defined and a con- 
stant frame of reference must be 
maintained for interpretation of the 
words used in related definitions. 

For example, a shifting of the 


frame of reference from quality as_ 


being a characteristic of a product 
to its being a measure of high value 
is a common cause for confusion 
and dispute. 

Any definition consists of a string 
of words used to explain a concept 
or a tera; The context of usage for 
each word vannot be explained in 
the definition, and it is commonly 
assumed that each word will be in- 
terpreted by the reader using the 
intended frame of reference. Un- 
fortunately, the case most often 
exists that very few words have 
exactly the same meaning to several 
readers. This difficulty has been re- 
ferred to as the metonymic nature 
of words. Because of individual per- 
sonal bias resulting from different 
experience or from business ex- 
pediency, each word used in a defi- 
nition may suggest another through 
real or fancied association. It is 
these symbolic or figurative mean- 
ings which distort the frame of refer- 
ence and alter the meaning of simple 
sentences. Words intended to clarify 
a basic concept instead frequently 
obscure it. 

Heteronymy of words is another 
general cause for disagreement in 
definition. Two or more words may 
have the same meaning in different 
localities or in different technical 
specialty areas within the same 
locality. Familiarity with one word 
leads to dislike of the others with 
the same meaning. 

Thus, because of metonymy and 
heteronymy in words, and because 
of loose usage and various intended 
frames of reference, it has proved 
difficult to establish simple defini- 
tions for reliability and its related 
terms which will be generally ac- 


ceptable. At least six basic frames 
of reference must be considered in 
order to be able to understand the 
various definitions that have been 
proposed. These can be listed 
briefly as follows: 


. quality assurance 

. reliability engineering 

. value engineering 

. field user 

. lay usage 

. management (product assurance). 


One common approach is advanc- 
ed by the “school” of quality control 
and is frequently called quality as- 
surance. This school likes to think 
of reliability as another quality 
characteristic that has to be con- 
trolled by quality control. And in- 
deed, in the continuous-process and 
food-processing industries, this is 
largely the case; however, these in- 
dustries have not been hard hit by 
reliability problems, and the usual 
process-control and inspection ac- 
tivities of quality control directed 
at producing a uniform product 
which meets the engineering speci- 
fications will normally achieve ac- 
ceptable reliability for them. This 
is common for industries in which 
design and development of the prod- 
uct are secondary or minor in com- 
parison to production and produc- 
tion engineering. 

A second approach is by the 
“school” of reliability engineering 
in the missile and electronics indus- 
tries. In these industries, the re- 
sponsibility for the technical ex- 
cellence of the product is vested in 
the chief engineer or in a project 
engineer who usually is parallel 
organizationally to the production 
or plant manager. In these indus- 
tries, quality control has been well 
established for years as a produc- 
tion-control operation. Generally 
speaking, quality control does not 
acquire control of a project until 
the design is frozen and turned 
over to production. 

It is a fact historically demon- 
strated in the missile and electronic 
industries that the _ best-organized 


and well-functioning quality-control 


operations cannot by themselves 
prevent the occurrence of serious 
reliability troubles. This is because 
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the primary answer to unreliability 
is not quality assurance (with its 
material, process, and vendor con- 
trol, but design assurance that relia- 
bility is inherent in the design. This 
control function must be design- 
engineering oriented, as contrasted 
to the factory orientation of quality 
assurance. 

It is true that good quality assur- 
ance is essential to prevent the fac- 
tory operation from degrading the 
eliability inherent in the design. 
[his is accomplished best by a 
‘cradle to grave” program of qual- 
ity engineering which will include 
aspects of production engineering, 
human engineering of design for 
producibility, basic studies of and 
planning for process capabilities, 
material and supplier control, field 
feedback for factory quality control, 
and even customer and_ contract 
liaison as needed during contract 
and marketing phases to provide for 
factory quality control. This “total 
quality control” is important to re- 
ligbility, but since in the key in- 
dustries mentioned it cannot include 
design reliability control, then it is 
powerless to lift the reliability of 
a product above that level inherent 
in the design. 

The position taken by engineer- 
ing-oriented reliability people is 
that reliability is a quality charac- 
teristic only to the extent specified 
by the engineering drawings. For 
example, the chemical uniformity 
and purity of a drug is a specified 
quality characteristic, whereas the 
chemical formula and the reliability 
of the tablets to relieve headache 
without causing stomach upset is 
outside the province of quality as- 
surance or the most total sense of 
quality control. 

The third basic approach is by 
the “school” of value engineering. 
This school is an outgrowth of a 
program established by the U. S. 
Navy during World War II to assure 
that it was procuring the best value 
for the money spent. The primary 
emphasis has been on a “second 
look.” This approach was originally 
applied to field procurement of re- 
peat orders, but has since been ex- 
tended to apply to all phases of pro- 
duction, procurement and design. 


Value engineers like to think of re- 
liability engineering as being re- 
stricted to the measurement of re- 
liability after a product is put into 
use in the field. They like to con- 
sider that the control of design and 
quality are parts of value engineer- 
ing by which the best value is de- 
livered to the customer. To the value 
engineer, function, reliability. fac- 
tory conformance to design. and 
costs are factors to be traded against 
one another in achieving a highest 
possible product value. 

It can be seen that a combinatory 
approach for these and other tech- 
nical specialties is needed for effec- 
tive reliability control. A manage- 
ment-coordinated program for as- 
surance of product characteristics is 
required to meet the total field and 
customer needs within a framework 
of company ability and objectives. 
This “product assurance” approach 
blends the best combination of value 
engineering, quality assurance, and 
reliability engineering (plus other 
specialty objectives such as main- 
tainability, producibility, and sys- 
tem integration) into one program. 
Specialists of all types are needed, 
but the overall control program can- 
not give primary emphasis to any 
one specialty such as quality as- 
surance or value without causing 
bias and mis-operation in the prod- 
uct line. Further, the management 
perspective (product assurance) 
must be able to give assurance to 
the customer that his total field 
need will be met in a balanced way 
and on schedule. This requires that 
product assurance base its coordina- 
tion of all the control functions on 
the perspective of reliability held 
by the field user. 

The field-user perspective may be 
quite different from that of other 
segments of the customer. The re- 
search and engineering functions, 
for example, or the quality-control 
division charged with contract and 
specification conformance, will each 
emphasize their particular special- 
ties. Product assurance must deal 
with these and integrate their in- 
fluences and interests. It can best 
do this on the basis of definitions 
of the product characteristics ori- 
ented to the users’ viewpoint 


called by their specific names, such as 
Reliability Prediction, Process Docu- 
mentation, Design Review, Specification 
Control, etc., rather than all being 
lumped under a general umbrella called 
“Reliability.” 


John M. Wuerth, Chief Reliability 
Advisor, Autonetics, a Division of 
North American Aviation, Inc., 
Downey, California 


e The general acceptance of a definite 
meaning for reliability seems to show 
only a very gradual improvement. I 
have the opinion that there is still great 
confusion between reliability and qual- 
ity control on the one hand, and the 
responsibility for reliability on the 
other. 


E.G. Pieruschka, Reliability Staff. 
Vissiles and Space Division, Lockheed 
Aircraft Corporation, Sunnyvale, 
California 


e If they are to achieve increased re- 
liability, reliability activities cannot be 
hampered by overly restrictive defini- 
tions. Such restrictive definitions usu- 
ally resolve themselves into purely sta- 
tistical descriptions which are inade- 
quate in implying the scope and variety 
of needed activities. Far from restrict- 
ing reliability meanings and activities, 
their expansion should be encouraged. 
After all, quality control is only a 
method of maintaining design reliabil- 
ity. Since the various aspects of engi- 
neering, production and operational use 
affect ultimate system reliability, it is 
necessary to expand reliability activi- 
ties into all of these areas. Only a 
systems orientation in reliability can 
cover the multivariate facets of engi- 
neering design, test, production and 
end-use that result in high system re- 
liability. 


D. Meister, Head of Reliability 
Human Engineering Group, Convair 
Astronautics, a Division of General 
Dynamics Corporation, San Diego. 
California 


e Several years ago the problem area 
concerning “reliability” was essentially 
one of definition, terminology, etc. To- 
day, although there are fine points that 
require clarification, essentially there 
is no difficulty in defining what is meant 
by reliability. Similarly, originally there 
was a severe need for techniques ap- 
plicable to this field. Today, although 
there is still a need for new and im- 
proved techniques, it appears as though 
the techniques already developed are 
far ahead of the application of these 
techniques in most cases. 


V.H. Saltz, Head of Reliability 

{nalysis Group. Engineering Division, 
Hughes Aircraft Company, Culver City, 
California 
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Simplifying Switching Circuits 


with Boolean Algebra 


Transistor and diode circuits are now almost 
universally used in computing and switch- 
ing-control systems. The complexity of the 
networks involved is often staggering. Some 
special techniques, based on the principles 
of Boolean algebra, can be useful to the 
circuit designer in reducing complexity and 


eliminating unnecessary hardware. 


G. A. MALEY, Development Engineer 
Data Systems Division 

INTERNATIONAL Business MAcHINEs Corp. 
Poughkeepsie, N. Y. 


ECONOMICAL MASS FABRICATION of a computing system 
or a switching network calls for the use of as few dif- 
ferent types of components as possible. It is therefore 
desirable to design circuits which use what is known as 
a “universal connective.” A universal connective is a 
block from which an entire logic network may be con- 
structed without the aid of other connectives. Figure 1 
shows three kinds of universal connectives. 

The circuits in Fig. l(a) and l(c) are called NAND 
connectives since their logic configurations are basically 
AND’s followed by inverters. The circuit in Fig. 1(b) is 
called a NOR connective since it is basically an or 
followed by an inverter. There are many more ways in 
which either a NAND or a NOR may be produced, but it 
is not the purpose of this article to discuss circuit con- 
figurations. Furthermore. our discussion will be limited 
to the use of only the NAND connective. The methods pre- 
sented. however. hold for the use of NOR connectives if 
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negative logic is used. This is possible since the NAND 
and the NOR are actually duals of each other. 

By choosing one of the circuits in Fig. 1 to be our 
universal connective, we have gained some obvious ad- 


Fig. 1 — Three kinds of universal, transistor-resistor logic con- 
nectives. 
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Fig. 2— Increas'ng possible number of inputs by joining cir- 
cuits. 


| 

| | at 
| 

| f 

! 


(AtBNC+OVE) | 
J 


Low ao eo eweree 


Fig. 3 — The last connective block in a circuit contains an AND 
circuit and an inverter. 
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vantages other than the universality of the connective: 


(1) Each connective has both voltage and current gain. 
A signal may pass through any number of connectives with- 
out having to be amplified or reshaped. 

(2) The logic function is extendible. That is, each of 
the circuits in Fig. 1 has three inputs but, when designing 
a logic network, circuits with more than three inputs may 
be required. The number of inputs to the logic connective 
may be increased greatly by joining the collectors of two 
or more identical circuits.and removing all but one load 
resistor, as shown in Fig. 2. 

(3) Complements of generated functions are available. 
(The advantage of this feature will be pointed out later 
in the article.) 


DeMorgan’s Theorem. A very useful tool when 
dealing with NAND functions is one of the basic principles 
of Boolean algebra, DeMorgan’s Theorem. It provides 
a simplified method of obtaining the complement of any 
Boolean expression. Stated algebraically, the theorem is 


ABC=WA+8+4+€E 





1+B+C.aid C 
ieaC=84-+84C 
1+ B+tC#«ABC 


Complementation is important when dealing with NAND 
functions since each logic connective has a built-in in- 
verter. The complement of a Boolean expression is ob- 
tained in the following manner: 
@ Obtain the complement of A G4: 198 


Z BC 
Then 
4A+BC=A+Z 


From DeMorgan’s Theorem, 





NI 


f+Z=A 
Replacing Z with B C, 


; 


AZ=A 


~ 
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AB+CO+E 





AB+CD+E 





Variable for 
prime implicant A 


A 
nhid ting 
variables 8 
for ABC 


(A+B ABC) 





Variable for 
prime implicant 8 


Fig. 6 Implementation direct from Karnaugh map. 


D Fig. 5 — Repetition of steps in Figs. 3 and 4 to go back to 
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original input variables. 
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But 


BC=B+C 
Therefore, 
A+BC=A (B+C) 


This procedure required the application of DeMorgan’s 
Theorem twice, but the same results may be accomplished 
in one step by using the following rules: 


1. Complement all variables. 
2. Change all or symbols to AND’s and all anp symbols 
to OR’s. 


For example: 
@ Obtain the complement of (A B + C D E)(F). 
First, complement all variables: 
(A B+C D E) (FP) 
Change all connecting symbols: 


(A+B)(C4+D+H)+F 


Thus, 


(AB+C DB) (F)=(A+B€4+D4+H4+F 


It is advisable when interchanging OR and AND symbols 
to replace all or symbols with brackets, being particu- 
larly careful to include all terms that were previously 
or’ed together. With this procedure in mind, we are 
now ready to implement a function with NAND connectives. 

implementing a Function. We will begin with 
an example. Suppose we desire to implement the function 
AB+CD + E using NAND connectives. Since we wish 
to use only NAND connectives, the last connective in the 
logic chain must be a NAND block. What this means, 


actually, is that the last block in the chain is an inverter - 


and the connective preceding the inverter is an AND. 
We can now draw a diagram to represent the last block 
(Fig. 3). The input to the inverter can be obtained by 
using DeMorgan’s Theorem. Since this input must be 
from an AND circuit, and since the expression at this 
point is in the product-of-sums form, we are now in an 
ideal position to implement the expression further as 
shown in Fig. 4. We now take the inputs to the NAND 
in Fig. 4(b) and implement them where necessary as 
shown in Fig. 5. 

When Boolean expressions are reduced in a straight- 
forward method on a Karnaugh map (see Appendix), a 
configuration is obtained which has, at most, two levels 
of logic if complement-of-input variables are available. 
These circuits are fast in responding to changes in the 
input variables but are rather expensive to implement 
into hardware. The art of factoring can be used in such 
cases to reduce the hardware requirements, although 
some of the speed of the circuit is sacrificed. That is, 
when a Boolean expression has been factored and is then 
implemented, some signals may have to pass through 
many levels of logic before appearing at the output. 
However, when factoring is properly performed, the 
component count of the resulting circuit should be lower 
than that obtained from a direct reading of the Karnaugh 
map. In its simplest form, factoring is the removal of the 
repeated occurrence of a variable or a set of variables 
from a Boolean expression. [For example, the expression 
AB+AC+AB can be factored to A(B + C) + AB.] 

This type of factoring, although important in some 
relay and diode applications, is of little use when working 
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with NAND functions. In a great many cases, a more prac- 
tical solution may be obtained if redundant terms or 
variables are included with the original expression. For 
instance, in the above example, the redundant term 
B C (this redundancy may be checked on a Karnaugh 
map) should be included. Thus, 


AB+AC+AB=AB+AT+BOC+AB 
=A(B+C6)+B(A+0) 


Now, if we also add a redundant variable to each term, 


A(B+€)+B(A 4+) =A(A+B4+0)4+B(A +840) 
= (A +B+C)(A +B) 


Using DeMorgan’s theorem on the first bracketed term, 
(A +B+4+6)(A+B)=(A BC)(A+B) 


This type of factoring is difficult to obtain from an 
algebraic approach, but may be seen directly from the 
following _Karnaugh map of the original expression, 
AB+AC+AB: 


From the map, it is clear that it would be to our advan- 
tage if we could use the prime implicants, A and B 
(shown as loops on the map). However, the zero in the 
A BC square would appear to rule out this possibility. 
Of course, we could use the two prime implicants if we 
somehow forced the circuit to give a zero output when 
A = B = C = 1. This may be accomplished if both 
prime implicants are blocked or inhibited by A B C. 
This inhibiting may be performed by AND’ing both prime 
implicants with A B C. The expression for this is thus 
(A+ B)(A BC). 

When expressions are obtained in such a form (a set 
of prime implicants AND’ed with one or more inhibiting 
terms), DeMorgan’s theorem is not needed for imple- 
mentation. The variables required for each of the prime 
implicants are brought into individual NAND blocks. These 
blocks are then connected to a single NAND block which 
serves as the output. The variables required for each of 
the inhibiting terms are brought into individual NAND 
blocks which are connected into the corresponding prime- 
implicant blocks. The procedure is best shown by an 
illustration. The implementation of (A + B)(A B C) 
is shown in Fig. 6. With this procedure in mind, we may 
now proceed directly from the Karnaugh map to a circuit 
implementation without writing a Boolean expression. 

Fe or example, we will _ implement the expression 
BCD+ABD+ACD+AB8BC. The Karnaugh 


map is as follows: 















Prime 8 
implicant 


8BCO+ABD +ACD+ ABC 


Inhibitor 


SOS 










Prime 
implicant IC 
Fig. 7— Implementation from Karnaugh map of B CD - 
{BD+ACD+ ABC. 
Prime 
implicant 
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ABC+8BCD+ABD+ACD 


Fig. 8— Use of more than one inhibiting term with a prime 


implicant. 
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Altering sub-function without changing desired result. 
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Fig. 10 — Example of circuit which can be simplified. 





Fig. 11 — Elimination of one block in the circuit in Fig. 10. 
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The prime implicants, as indicated by the loops, are B D 
and A C. The inhibiting term is A B C D. The imple- 
mentation of the expression is shown in Fig. 7. 

This inhibiting method may be used in many forms. 
for example, to use more than one 
inhibiting term with a prime implicant. Consider the 
expression ABC +BCD+ABD+ACD. The 


Karnaugh map is: 


It is possible, 


AB 
oo oOo! tl (10 





As indicated by the solid loops, two prime implicants are 
chosen: C and A D. Two inhibiting terms are needed: 
A BC, which will be used with both prime implicants, 
and B D, which will be used with prime implicant C. 
The implementation is shown in Fig. 8. The inhibiting 
loops should always be as large as possible. In this 
example, the inhibiting term B D may _be used, even 
though it inhibits the signal in the A B C D square of 
prime implicant C, since this same signal is obtained 
from prime implicant A D. 

Reduction into Small Sections. When designing 
a very large switching network, it is necessary to reduce 
the problem into small sections, and solve each of them 
separately. Although this procedure is necessary, it often 
leads to redundant hardware unless the designer is pro- 
ficient at manipulating logic connectives. The redun- 
dancies occur when the smaller sections are put together. 

When a large logic net has been completely designed, 
it is useful to record the sub-functions that have been 
generated within the circuit with the thought in mind 
that such sub-functions may be useful in other cir- 
cuits. These sub-functions may be altered and enriched 
rather easily without affecting the basic circuit. Such 
alterations are possible because any line that feeds a 
NAND connective may also be fed to any (or all) NAND 
connective which feeds the first without altering the 
basic expression. For example, the two implementations 
in Fig. 9 yield the same result, although the sub-function 
has been enriched from A + B to A + B + C by bring- 
ing C into both NAND’s. The variable D could also be 
brought into the first NAND since it appears as an input 
to the second. In this case, the sub-function would be 
A+B+C+D. 

To illustrate this procedure, consider the circuit in 
Fig. 10. In this case, the addition of a C input to the 
upper-left block to produce the sub-function A+B+C 
would eliminate the need for the lower-left block, as 
shown in Fig. 11. This same procedure is very useful 
when working on large logic nets which have many 
outputs with related input variables. 

Generating Complements. When joining logic 
nets together, the problem of generating the complement 
of an available function is often encountered. For in- 
stance, in the two circuits of Fig. 12, the complement of 
f, is needed as an input to NAND 5. This can be obtained 
by inserting an additional single-input NAND between the 
two circuits, but this is a rather wasteful procedure. 
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Since the NAND function is actually an AND followed by 
an inverter, the complement of f, could also be obtained 
by using an AND circuit without the inverter for the last 
stage of logic in circuit (a), as shown by the dotted lines. 
(We are assuming that the actual function f, is not 
needed.) We find, however, that it is not really neces- 
sary to introduce an AND connective at this point since 
NAND 5 has a built-in AND that we, may use. Thus the 
outputs of NAND’s l and 2 are fed directly to NAND 5 as 
shown in Fig. 13. (NAND 3 can be removed if f, is not 
required elsewhere. ) 

The technique of carrying a signal in a number of 
separate wires is called “bundling,” and is shown in 
diagrams as in Fig. 14. The subscript B is used with 
} to indicate that the lines must be AND’ed together in the 
next block before the complement is actually obtained. 

The concept of bundling is used in implementing ex- 
pressions which are written in the form of a product 
of sums. For instance, to implement the expression 
(A + B) (D), the first connective required is an AND, 
as is shown in Fig. 15(a). The A + B is implemented 
with a normal NAND as shown in Fig. 15(b). Presuming 


Fig. 12 — Two circuits which are to be joined. 


D 
=p 


Combination of two circuits in Fig. 12 by eliminating 


Fig. 13 
one block. 
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that the function is going to be used in further NAND 
logic, we know that the AND circuit is not actually re- 
quired; therefore we show the circuit as in Fig. 15(c). 

The implementation of Boolean expressions into trans- 
istor circuits has been somewhat altered by the intro- 
duction of universal connectives. These universal con- 
nectives have special characteristics, and it is extremely 
important that they be used to their full logic capabili- 
ties. It is equally important that minimization methods 
be extended past the two levels of gating that are obtained 
from a direct reading of the Karnaugh map. It has been 
the purpose of this article to cover both of these points 
in a fundamental way. O00 
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Appendix: Karnaugh Maps 


Editor's Note: To provide background for the discussion 
in the accompanying article on Karnaugh maps, the ma- 
terial below has been extracted from Engineering Applica- 
tions of Boolean Algebra, by B. Beizer and S. W. Leibholz, 
a series of five articles which appeared in this magazine in 


THe KarnaucH Map provides a method for visualizing a 
function so that its unnecessary terms can be readily identi- 
fied and removed. The Karnaugh map differs from the 


1958. The principles of mapping from two- and _three- 
variable expressions may be extended to four variables 
(as is done in the article), and the concept of adjacencies 
may be expanded to the technique of using prime implicants 
and inhibitors. 


The second term in Eq (1) states that the transmission is 
also equal to 1 when U V equals 1—i.e., when U equals 
1 and V equals 1: 


Boolean matrix in that it is used to analyze functions rather 
than circuits, and hence is applicable to switches, gates, 
and many other logic problems. 

In order to employ a Karnaugh map to analyze a Boolean 
function, the function must be put into a standard form. 
called the expanded function, by multiplying out all of 
the terms in the function. For example, the expanded 
form of X [Y S20 2 ee PN wo TE + 
X WY + X BW. (Note that every term in the expanded 
form contains each variable not more than once. If a 





This step reveals a useful peculiarity of the map. Since the 
insertion of U V has not altered the graph, it does not 
alter the function. This is the same as saying U + U V = 
U. The last term in Eq (1) requires that one more entry 
be made: 


term such as X W X appears, it is of course cancelled, 
since X X equals zero.) 

Expansion usually adds literals, which can later be re 
moved by factoring. It is necessary as a first step in dis- 
section and analysis of the function. The expanded form 
can then be studied and reduced by means of a Karnaugh 
map, which automatically applies these two rules: 





¥y4aX xX The expression is now completely described. Coincidentally, 
UV+uUV=U the function U + V has exactly the same graph. This 
result is not, as it were, pulled out of a hat. The first 
Functions with two variables may be completely de- horizontal row in the final map shows that, if V = 0 
scribed by examining their transmissions under the four (V = 1), the circuit will conduct no matter what the 


possible combinations of the states of the variables. For 
example, consider 


state of switch U might be. Similarly. the entries in the 
second column reveal that the circuit will conduct if 


= = U's atte at the state of switch V might be 
U+UV40I (1) U 1, no matter what the state of swite g : 
Thus, Eq (1) is reduced: 
The possible combinations of states may be described by U+e0VvV42UV ant +7 


listing the transmission under the conditions: 
The essential principle is: whenever two 1’s are horizontally 


I te: 0 ] é -— ; ; - - a 
- r c 0 and v 1 or vertically adjacent in the map, the variable which 
U = 1 and } 0 { landV=1 changes from 1 to 0 across the adjacency disappears in 


was : . 2s i i 1€ tion. 
This can be conveniently done by means of a graph: the corresponding portion of the franc tion. oe 
Consider the three-variable function U V + U V W + 


U V W. The map of the function is: 





The first term in Eq (1) asserts that the transmission is 
1 whenever lL equals © 





There are two adjacent pairs. In the vertical pair, the 
variable W has the values 0 and 1, and consequently may 
2 be eliminated. In the horizontal pair, the same is true of 
U. The entry corresponding to U V W is not involved in 
any pair and hence must be retained as is. Combining 
these in the order mentioned, the expression can be simpli- 
fed to: UV+VPW+uUV PF. 
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Engineering Psychology and 


Human Factors in Design 


Introduction: Concepts, Theory and Applications 


HUMAN-FACTORS ENGINEERING is a research and design 
activity based on the concept that man is an organic com- 
ponent in many systems. The proper design of such sys- 
tems would then have to take cognizance of, and be 
compatible with, man’s capabilities and limitations. Human- 
factors studies would thus be concerned with the totality 
of man-machine-environment interactions; they would deal 
with (a) the behavioral properties of man and (b) the 
actual engineering of the total system to achieve optimum 
performance. 

The multidisciplinary structure of human engineering 
is shown in the accompanying chart. The scientific bases 
are provided by the behavioral sciences supported, in turn, 
by the classical sciences. Applied information stems from 
various sources—e.g., communication theory. Of the be- 
havioral sciences, psychology (as might be expected) has 
played a major role: it has become the primary experi- 
mental-research arm of human-factors engineering. The 
term engineering psychology (as distinct from traditional 
experimental psychology) has thus evolved into accepted 
usage. Engineering psychology has learned to adopt 
“engineering techniques, to ask experimentally how well 
men can differentiate or integrate or amplify, how their 
gains change or their frequency-response characteristics 
shift. It is starting to apply to human behavior the trans- 
science concepts and methods of information theory and 
feedback servo analysis.” (/)* Its fundamentals may well 
be considered (as they are in this review) as the basic 
principles of human-factors engineering. 

Contemporary technology, in particular, has imposed 
new and arduous demands not only on equipments and 
systems, but also on man in his capacity as a system 
component. Machines in themselves have grown complex 
and intricate, and the environments in which both they 
and man are required to function are extremely severe. 
Systems automation has by no means totally eliminated 
the human element nor decreased to a minimal degree 
the environmental and operational stresses on him. On 
the contrary, it is the very growth of systems complexity 
and automaticity that has spurred the growth of human- 
factors engineering. “It is the accomplishment of increased 
vehicular speeds, the multiplication of data for decisions 
produced by developments in sensing, storing, and collat- 
ing information, and the necessity for increased system 
operating precision—in short, requirements for higher 
rates of information processing by the man—which have 
made modern human engineering a necessity.” (2) 

Granted that, in certain conditions, man can become 
the “weakest link” in a system, it must be realized that 
man contributes certain capabilities that can be only 
approximated by machines and, even then, only at great 
cost in terms of design effort, size of equipment, required 
space, maintenance, etc. It is interesting to note that the 
initial concepts for space vehicles contemplated a com- 
pletely automated unmanned system; the human operator 
was deemed to be unnecessary and fully replaceable by 
a sequence of automatic systems. These concepts were 
ultimately rejected for a number of reasons, but the 


* Italic numerals in parentheses refer to Cited References at end of article 
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most important one appears to be the fact that successful 
completely automatic operation of a space vehicle would 
require (a) a flexibility of response to unforeseen pheno- 
mena and situations and (b) a degree of decision-making 
based on a free exercise of human intelligence that could 
not be programmed into any machine. (3) 

Contrary to some ill-informed opinion, human-factors 
engineering and computer technology are neither separate 
nor competitive areas of research and development. Prob- 
lems of man-computer symbiosis (4), for example, are 
closely related to optimum computer-system design. The 
prospect of man-computer cooperation in “common-sense” 
decisions is being explored. Indeed, the whole field of 
so-called intelligent machines or “artificial intelligence” 
contains areas where human factors considerations can- 
not be ignored. (5) 

Earlier articles in this magazine (6) have been primarily 
concerned with human-factors engineering in terms of 
specific design parameters and problems in overall systems, 
subsystems and components, including aspects of reliability, 
maintainability and safety. In our review here, we will 
deal (as has already been indicated) with certain funda- 
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mentals of engineering psychology as the scientific basis 
of human-factors engineering: 


1. We will begin with an examination of the systems approach 
itself. The hierarchical nature of systems is discussed—from 
man himself considered as a system, to larger systems involv- 
ing groups of man and machine complexes. Relationships be- 
tween human and machine performances are traced. Methods 
of systems analysis are identified and examples are provided. 


2. In the next section the techniques for carrying out labora- 
tory research and for conducting field studies are discussed; in 
brief, the methodology in engineering psychology is presented. 
The significant problems encountered are (a) selection of ex- 
perimental subjects, (b) comparison of laboratory and field 
research, (c) evaluation of objective and subjective data, and 
(d) study of low-probability events. 


3. We now proceed to the information sensing and processing 
function of man. In eventual design terms, this subject gives 
us the most obvious evidence of man’s intimacy with system 
components; the effective design of various sensory devices and 
displays is necessarily contingent on our knowledge of man’s 
receiving mechanisms, his information-processing capacities, 
and of the factors that affect the rate and capacity of such 
processing. 


4. In the design of man-machine systems, these critical ques- 
tions arise: what is the allocation of decision-making procedures 
between man and the machine? Why? Fundamental research 
in this field is therefore next summarized, with emphasis on 
a descriptive model of the steps in “rational” decision making. 


5. In the section on man and the control process, we begin 
to consider the relationships between man and the control 
devices or, phrased more simply, man and the control exten- 
sions of his capabilities. Open-loop and closed-loop systems are 
compared. Two different roles of man in respect to control 
systems are examined: (a) as an internal element in the system, 
and (b) as the “supplier” of system input. 
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The multidisciplinary structure of human-factors engineering. 


Physiology 


6. Our review of engineering psychology fundamentals now 
enters some areas where physiological influences can exert 
considerable weight. The subject of human vigilance is devel- 
oped from (a) the standpoint of factors that decrease vigilance 
in such tasks as monitoring and (b) factors that could be in- 
voked to prevent such loss of vigilance. Methods of “designing” 
the monitoring tasks for optimum operator alertness and per- 
formance levels are described. 


7. As our systems become increasingly sophisticated, the 
demands on the skills of man become increasingly rigorous. 
The simple skills needed for simple machines may have been 
replaced by machine procedures, but the remaining skills have 
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assumed much greater systems importance. A discussion of 
human skills as systems considerations then becomes perfectly 
consistent with gur purpose here. The nature of various opera- 
tional physical movements (i.e., man’s effector functions) is 
reviewed, and the relation to intelligence is traced. The develop- 
ment and structure of skills, procedures and problems in their 
measurement, and various theoretical and design factors related 
to skilled activity within systems are analyzed. 


8. Environmental stress sets up limits to human performance 
as it does to purely machine operation. Several research studies 
are cited to show how environmental specifications for man 
can form a part of a total man-machine systems design analysis. 


I. The Systems Approach 


MOST OF THE early applications of engineering psychology 
to human-factors engineering involved the design of (a) 
displays that would effectively present information to the 
operator and (b) of controls that would permit him to 
manipulate the system with equal effectiveness. This “knob 
and dia.” period of human-factors engineering (Fig. 1-1) 
has gradually evolved into the “system” era, wherein the 
human being is now considered to be a system in himself 


Human input 


Human output 





Fig. 1-1—An early, or “knob-and-dial” concept of engineering 
psychology applied to human-factors engineering. 
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Fig. 1-2—The 
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“system” concept of human-factors engineering. 


9. Our survey of engineering psychology closes with an ex- 
tension of the man-machine-environment concept to a con- 
sideration of man-man interactions. Systems design responsibil- 
ity must extend from man as an individual to man as a part 
of a group of men within a system, and even beyond that to his 
interaction with influences external to the system—i.e., the 
social environment. The greater the design sophistication of our 
equipment and systems, the greater are the human-factor prob- 
lems that may arise from the various facets of man-man inter- 
actions. The implications of these problems are studied in 
relation to both conventional and advanced, or automated, 
systems. 
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and is also part of a larger system involving himself and 
the machine or machines with which he interacts. This 
man-machine system in turn is a part of a larger system 
involving teams of men and complexes of machines. (See 
Fig. 1-2.) 

The hierarchical nature of systems is an important con- 
cept affecting the ultimate utility of engineering psychol- 
ogy. For, unlike other areas of psychology, in engineering 
psychology the concern is usually not with maximizing 
the performance of such a lower-order system (or subsys- 
tem) as man himself, but rather with some higher-order 
system which involves a man-machine complex. 

One important characteristic of subsystems which serve 
as building blocks for higher-order systems is that, al- 
though total system performance is affected by the per- 
formance of all subsystems, there is not always a linear 
relationship between subsystem performance and macro- 
system performance. In other words, improving the sub- 
system by a certain degree does not necessarily result in 
an equal improvement in the macro-system. Therefore, 
improving human performance does not guarantee an 
equal improvement in man-machine system performance 

Figure 1-3 illustrates some possible relationships be- 
tween human and system performance: 


Curve 1: The relationship usually assumed to be the case, 
but which in reality seldom exists. 

Curve 2: The relationship which might exist when a task 
must be performed within a specified time limit (e.g., our ICBM 
must be off the ground before an approaching enemy missile 
destroys it on its firing pad. If the count-down is completed 
and the missile launched any time before the time limit, the 
added value of a further reduction in time is little, if any. 
However, if the task is not completed before the time limit, 
the system has failed completely, and any reduction in time 
which does not bring it within the time limit contributes 
nothing.) 

Curve 3: The relationship which might exist when the task is 
always completed at the same time and its precision affects 
system performance non-linearly (e.g., a control officer on the 
ground sending an interceptor pilot his initial vectoring instruc- 
tions in order to intercept an approaching enemy aircraft). A 
slight error in precision has little or no effect, but as error size 
increases, the degrading effects upon the system increase rapidly. 
Consequently, an improvement in the precision with which the 
controller does the task can have either little or great effect 
upon system performance, depending upon the original level 
of controller performance. 


Although engineering psychology study will provide in- 
formation concerning improving the performance of man 
and sometimes of man-machine systems, it does not give 
assurance that the improvement will be of value to a 
specific system. In order to match engineering-psychology 
information with the needs of the specific system designer 
or user, a systems analysis must be conducted. 

The techniques of systems analysis are beyond the 
scope of this article. However, it is necessary to point out 
that such an analysis must contain the following informa- 
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tion in order to be of value to human-factors engineering: 


1. Identification of system goal(s). This provides the criteria 
from which system evaluation can be conducted and also pro- 
vides the starting point for establishing detailed requirements. 

2. Listing of specific system requirements, converted into 
measurable behavioral terms. Such terms normally include time 
and accuracy requirements for the performance of certain tasks. 
The more quantitative the terms in which these requirements 
can be stated, the better defined will be the assignment of the 
human-factors specialist in applying information from engineer- 
ing psychology. 

3. Development of a model showing the consequences of not 
meeting certain requirements upon the attainment of system 
goal(s). Compromises in design must often be made, and this 
information aids in making these decisions by indicating, for 
example, how much speed can be sacrificed to attain a certain 
degree of accuracy, and vice versa. 


From the human-factors engineering viewpoint, there 
is no universally good or bad design per se. The behavioral 
consequences of various types of design can be determined 
from psychological measurement. The system consequences 
are a function of the unique requirements of each system 
and of goals of that system. Hence, engineering psychology 


2. Methodology in Engineering Psychology 


THE TECHNIQUES FOR carrying out laboratory research 
and for conducting field studies in engineering psychology 
are similar to those used in most branches of psychology. 
For the most part, these consist of experimentation, con- 
trolled and uncontrolled observation, and introspection. 

Most basic research findings are obtained through lab- 
oratory experimentation. The proper conduct of such 
research requires the establishment of a good experimental 
design. Such a design can, if necessary, permit more than 
one independent variable to be manipulated simultaneously 
and can also account for human variability—both from 
trial-to-trial for the same subject and for the same trial 
among subjects. Since the subject of experimental design 
has been covered extensively in the psychological litera- 
ture, it will not be examined in more detail here. (7, 8) 

Also covered in the literature are the statistical tech- 
niques for analysis of the data. (9, J0) Such techniques 
not only permit data to be grouped and manipulated in 
a variety of ways in order to provide the researcher with 
additional insight into their meaning, but also permit 
him to assess “chance” effects upon the data. Such assess- 
ment is of particular importance because (a) a sample 
of subjects is customarily used rather than a complete 
population, and it is unlikely that the behavior of the 
selected sample will be identical with that of the total 
population, and (b) the intra- and inter-subject variability 
adds to the difficulty of interpreting composite findings. 

What is not always covered in standard reference texts 
are specific methodological problems encountered in en- 
gineering psychology. Four of the most significant ones are 
discussed herewith. 


Selection of Subjects 


In order for experimental findings to be generalizable, 
the subjects used in the research must be representative 
of the total population which is being considered. To 
understand some of the basic and elementary behavioral 
characteristics of “normal” people (i.e., those with normal 
functioning physiological processes), a small number of 
subjects chosen in any convenient manner will suffice. For 
example, a few individuals with normal vision are adequate 
for studies of such activities as dark adaptation and 
peripheral vision. 
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System performance improvement —> 


Human performance improvement —~ 


Fig. 1-3—Typical relationships between improvement in human 
and system performance. (Cf. text for discussion.) 


alone cannot give the engineer universal solutions to design 
problems; when mated with systems analysis it can provide 
useful answers. 
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For more complex types of behavior, however, the 
subjects should conform to the user population in such 
characteristics as (a) level of skill, (b) motivation and 
(c) physical dimensions. 

Level of skill. A common mistake in designing or evalu- 
ating equipment is to have the design engineers serve as 
subjects in operating and/or maintaining the equipment. 
Seldom will the ultimate user have the aptitudes and train- 
ing which the engineer brings to the task. This practice 
can result in equipment being released to the field because 
the engineers have shown that it is operable, only to have 
it returned for modifications because the using or operating 
population could not perform satisfactorily on it. 

Motivation. The goals or incentives present under lab- 
oratory conditions are not necessarily the same as those 
in “real life” situations; since behavior is strongly affected 
by these motivational factors, it can vary markedly from 
the laboratory to the “real world.” In a specific case, 
recent laboratory research suggests that the performance 
of human monitors in watching for infrequently appearing 
“live” signals can be improved if simulated “false” signals 
are deliberately introduced at random intervals. Generaliz- 
ing from this laboratory situation to a field one (e.g., an 
early-warning radar site) is risky; the field operator may 
consider the false signals as an indication that his com- 
petence is being doubted and that his superiors feel he 
must be checked constantly. 

Physical dimensions. In the application of anthropo- 
metric data it is important that the using population be 
carefully defined, including both physical and psychologi- 
cal characteristics, and that the subjects for experimenta- 
tion either be drawn from this population or else match 
their relevant characteristics. Errors would be introduced, 
for example, if work stations were designed for middle- 
aged individuals based upon dimensions obtained from 
younger groups. While vertical physical dimensions tend 
to remain constant from teen-age until old age, lateral 
ones tend to increase—with a corresponding decrease in 
the comfort of the users! 


Laboratory vs Field Research 


Whether to conduct research under laboratory or under 
field conditions is not a simple decision; there are advan- 
tages and disadvantages to each, and the final decision 
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must depend upon the parameters to be controlled and/or 
varied for the specific research project. 

The major advantage of field testing is realism. The 
environment, the stress, the various motivational factors 
affecting performance, can all be present. To simulate 
these in a laboratory is not always possible. For example, 
in determining human performance during space flight, 
the isolation, g-forces, tumbling, as well as the aerody- 
namic characteristics of the vehicle can be closely simu- 
lated; however, the weightlessness and (to a lesser extent) 
the stress and anxiety present cannot be. 

In the laboratory, under simulated conditions, variables 
can be controlled carefully, a variety of conditions can 
be presented and then repeated exactly. The capability 
within the laboratory to systematically vary certain para- 
meters (such as the number of channels from which the 
subject receives information and the rate of transmission 
of information from each) can only be approximated 
under field conditions and then only at great cost. 


Objective vs Subjective Data 

Although the early days of experimental psychology 
found such techniques as introspection being widely used, 
the trend within the past few decades has been toward 
the reduction of subjective data and the increase of ob- 
jective data. The traditional influence of the “hard” 
sciences is here being felt directly: objective data col- 
lected under defined conditions lend themselves to veri- 
fication by independent researchers; their use therefore 
is both appealing and utilitarian. 

Despite the many obvious advantages of using objective 
data exclusively, there are two reasons why subjective 
data should be used on appropriate occasions: 

The first reason is the fact that it is still not possible 
to obtain certain types of information effectively by using 
objective data alone; in such cases, subjective data must 
serve as a substitute until more refined techniques are 
developed. The most common example is that of placing 
value judgments on a given task performance. We depend 
on an “expert” to provide an overall rating of the task 
performance, a consequence of which is that we do not 
know precisely what aspects of performance to measure 
or how to combine measures to obtain an overall score. 


3. Information Sensing and Processing 


THE REACTION OR BEHAVIOR following any given stimuli 
or stimulus situation is a function of a person’s perception 
of the stimuli. That is, because of past experience and 
the needs of the moment, the effect of the stimulus situ- 
ation may be different behaviors or reactions for different 
people, or the same behavior for different reasons. The 
foregoing may be viewed in terms of the behavior paradigm 
shown in Fig. 3-1. 

In the paradigm, stimuli are shown as impinging upon 
man and being received through the sensory structures 
(receiving mechanisms). The receivers transmit nerve 
impulses to the central nervous system, where integration 
of the stimuli takes place and a response is selected. Nerve 
impulses from the central nervous structure are then 
carried to the muscles and glands (reacting mechanisms) 
and the response is made. The paradigm shows man 
receiving feedback stimulation from both his reacting 
mechanisms and external sources. The feedback from 
the reacting mechanisms tells us whether or not response 
was made in the desired manner. Feedback stimulation 
from an external source may compare the result of the 
response to some criteria with respect to adequacy or 
effect. 

This explanation emphasizes the importance of the 
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A second reason for using subjective data is one not 
likely to be eliminated with methodological innovations; 
subjective techniques can provide certain types of useful 
information more quickly and abundantly than can ob- 
jective techniques. Two such techniques can be described: 


The Critical Incident Technique. This technique requires 
the subject to recall specific situations in which he has 
been involved and to describe them in detail. Such situ- 
ations include accidents, near-accidents and major mis- 
takes. Since this type of information tends to be remem- 
bered long after the event has occurred, it helps determine 
antecedent events leading up to undesired consequences. 


Depth Interviewing. Originally a clinical technique, this 
approach also provides unique information in engineering 
psychology. By providing a relatively free and unstruc- 
tured atmosphere, deep-seated feelings of the subject can 
be brought out—including general emotional reactions to 
work situations. Such information can provide valuable 
insights into problems of equipment design and operation 
wherein performance is affected by unexpressed and often 
irrational attitudes and feelings toward the system and/or 
working environment. 


Low-Probability Events 


Engineering: psychology is often interested in studying 
an event, or class of events, of which the likelihood of 
occurrence is very low. Two common examples are errors 
and accidents. The determination of the effects of various 
parameters on either could involve many repeated trials 
of the same test, because for any given trial the prob- 
ability of an error or accident occurring would be so low. 

In order to conduct such research more economically, 
the experimental task can be made deliberately and un- 
realistically more difficult. Through “overloading” the 
subject, his performance will be degraded and the prob- 
ability of the event’s happening will be increased. Common 
ways of overloading are to increase the complexity of 
the task being studied and to add a series of secondary 
tasks which must be performed concurrently. In either 
case, the rate at which information must be processed by 
the subject is increased, with an anticipated increase ip 
incorrect responses. 
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stimulus-receiving or information-obtaining functions of 
man as prerequisite for action or response. The action or 
response output of man is affected by (1) what the 
stimulus input is, (2) the manner in which the stimulus 
information is presented, (3) the rules governing the 
interpretation of the stimulus information, (4) the means 
by which the response may be effected, and (5) the inter- 
action or compatibility of the elements of the stimulus- 
response situation. 


Man’s Receiving Mechanisms 

The stimulus- or information-receiving mechanisms of 
man are his sense organs. They may be grouped as shown 
in Table I. Associated with the various senses are such 
terms as absolute thresholds, adequate stimuli, difference 
thresholds and adaptation. These terms refer to character- 
istics of the receiving mechanisms, and these characteris- 
tics are of importance in optimizing the input of stimulus 
information to the human channel. An absolute threshold 
refers generally to the minimum amount of energy on a 
physical continuum which will produce a_ psychological 
sensation at least 50 per cent of the time. Any stimulus 
at or above the absolute threshold value (or within the 
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range of lower and upper thresholds) will be an adequate 
stimulus—i.e., it will produce a sensation. A difference 
threshold refers to the amount of increase required in 
order for a stimulus to be perceived as having changed 
in some dimension from a preceding or alternative stimu- 
lus. Again, the difference threshold is generally at the 50 
per cent level of probability. Adaptation refers to the 
changes in sensitivity of a sense organ as a result of the 
recent and “on-going” level of stimulation. 

The visual and auditory senses are the prime input or 
information-receiving channels of man. This importance 
of and dependence upon vision and audition holds whether 
we are talking about daily living or complex man-machine 
systems. 

Among the remaining receiving mechanisms, only touch 
and kinesthesis have been used significantly as alternative 
or supplementary input channels in modern systems. For 
this reason, only these two additional senses will be in- 
cluded in the present discussion. The cutaneous channel 
of touch has been used, for example, to provide informa- 
tion through the shape-coding of controls. At best, how- 
ever, touch is a secondary input channel to the human 
being. It can provide important information about the 
action being taken on a decision made from inputs through 
the prime senses—e.g., “Is this the control lever for the 
starboard engine?” It is interesting to note that human 
reaction time is faster to electrical stimulation than to any 
other stimulus input. Electrical stimulation is apparently 
an all-inclusive cutaneous sensation in that it will give 
rise to all the basic cutaneous experiences of touch, cold, 
warmth and pain. (//) 

The sensory channels considered thus far (vision, audi- 
tion and touch) are all stimulated from outside the body 
and provide information about external events. Kinesthesis 
is one of the internally stimulated senses and provides 
information about the position and motion of the parts 
of the body. The receptors involved are associated with 
the muscles, tendons and joints. As mentioned earlier, 
kinesthetic sensations provide information of a feedback 
nature about motor-control movements. 


Some Comparisons among the Senses 

The selection of an input channel for the man-machine 
interface is dependent upon the relative advantages of 
the various sensory modalities in the light of system re- 
quirements, the unique demands of the situation, and the 
other sensory demands on the operator. Attention will be 
directed primarily to vision and audition. 

Vision is a selective, directive and intermittent sense, 
whereas audition is basically continuous. (/2) As a result, 
audition is better suited for the detection of warning or 
emergency stimuli that may arise over a period of time. 
Audition is also less subject to adaptation or fatigue than 
vision, and this fact further promotes the use of the 
auditory channel to detect emergency stimuli. The selective 
and directive qualities of vision allow for the focusing 
of attention on certain sources of information while ex- 
cluding others. 

Although both vision and audition have spatial aspects, 
the visual channel is qualitatively and quantitatively su- 
perior in this respect. Consequently, the visual channel is 
to be preferred in situations demanding spatial orientation. 
The spatial qualities of vision also contribute to the 
greater “dimensionality” of the visual channel over the 
auditory channel—i.e., the possibilities for the encoding 
and/or presentation of information are much greater 
visually. 

The visual channel is superior in situations demanding 
simultaneous or rapid successive comparison and/or selec- 
tion from a number of alternatives (scanning). In this 
same connection, while visual stimuli may be presented 
either simultaneously or sequentially, auditory stimuli 
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Table I—Man‘s Receiving (Sensory) Mechanisms 


Senses stimulated by conditions external to man: 


A. Receptors which receive stimuli from a distance: 
a. visual sense 
b. auditory sense 
c. sense of smell 


Receptors which receive stimuli by contact: 
a. sense of touch d. sense of pain 
b. sense of warmth e. sense of taste 
c. sense of cold 


Senses stimulated by internal conditions: 


A. Vestibular sense (sense of body balance, direction and 
acceleration ) 

B. Kinesthetic sense (sense of movement and position from 
muscles, tendons and joints) 
Organic sense (sense of organic body conditions) 


typically require sequential presentation. (Perhaps stem- 
ming from this temporal quality of the auditory channel 
is the superiority of the auditory channel over vision in 
the estimation of short-time intervals.) One of the more 
important advantages of visual presentation over auditory 
presentation is the ease and speed with which such material 
can be referred to. This referability, combined with the 
rapid scanning and spatial attributes, make the visual 
channel the natural choice for a wide range of input 
situations. 

Environmental factors, of course, operate to favor one 
sensory channel over another. For example, ambient noise, 
distance from the sound source, and rapid changes in air 
pressure would work against the use of the auditory chan- 
nel. On the other hand, poor illumination, obstructions 
in the visual field, vibration or large acceleration forces 
would reduce the effectiveness of the visual channel. (/2) 

There are also situations in which the dual use of the 
visual and auditory channels would seem desirable. For 
example, the use of both senses would increase the prob- 
ability that an emergency signal would be detected. Or, 
in those situations where accuracy of reception is critical, 
an additional sensory channel could be used to provide 
redundant information. 

The dual use of the visual and auditory senses to 
provide concurrently different information results in some 
interesting behavior. (/3) The essential finding is that, as 
the two input sources approach simultaneity and the op- 
portunity is decreased for the rapid shifting of attention 
between the inputs, the performance with both input 
channels degrades. When the material for the simultaneous 
inputs differs in degree of difficulty, the easier material 
suffers the greater deterioration. With regard to the rela- 
tive superiority of vision or audition under conditions of 
simultaneous stimulation, the major determinants seem to 
lie in the nature and difficulty of the stimulus-response 
situation rather than in the nature of the input channels 
themselves. 

In regard to the speed of response resulting from the 
stimulation of the various sensory channels, the simple 
reaction time differences are, for most applications, more 
of theoretical interest than of practical importance.* The 
response in typical man-machine situations is often im- 
portantly affected by other factors which overshadow the 
simple response-time differences. 


* Simple reaction time refers to the elapsed time between the presentation 
of a stimulus well above threshold to the initiation of a simple motor 
response. No encoding or interpretation of the stimulus is required. The 
response is also simple and does not involve any complex movements or 
adjustments which would require significant preparatory time. 
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Table ii—Recommendations on the Use of Sensory Channels 


> USE r USE | a Oe USE 
VISION WHEN AUDITION WHEN | TOUCH WHEN | KINESTHESIS TO 
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Recommendations on the Use of 
Sensory Channels 


As a summary, some general recommendations concern- 
ing the use of the sensory channels to provide inputs to 
the human operators are offered in Table II. The general 
nature of these recommendations should be emphasized. 
As mentioned earlier, the selection of a sensory channel 
is dependent upon such other factors as the parameters 
and constraints of the system, the interaction of the 
stimulus-response situation, the anticipated skill and train- 
ing level of the operator, and the other sensory demands 
on the operator. It is sometimes undesirable, for example, 
to present information through a new channel when 
another channel has been habitually used to receive the 
information. Such a decision might result in increased 
training time, and there is also the problem of operator 
behavior under conditions of stress. 


Information Processing 


We may view the human being as the information- 
processing channel in a communications system (see Fig. 
3-2). The schematization of man is the same as shown 
in the behavior paradigm (Fig. 3-1). The analogy (al- 
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Fig. 3-1—Behavior pattern: man receiving feedback stimulation 
from both his reacting mechanisms and external sources. 


Fig. 3-2—Block diagram of a communications system showing 


man as the information-processing channel. 


though imperfect) between the psychological processes of 
man and the function of a communications channel has 
led to the interchangeability of the expressions “psychologi- 
cal processing” and “information handling.” (1/4) 

In a brief discussion of Fig. 3-2, an airborne system 
will be used as an example. The plane itself would be 
regarded as the information source. Through the dials on 
the control panel, signals concerning the state of the air- 
craft are encoded and transmitted to the pilot. The signals 
must be encoded in a form acceptable to the properties 
of the channel. The pilot, who is the channel in this case, 
performs operations on the signals (analogous to com- 
munication systems in which a computer is part of the 
channel) and carries the output signals (his responses) 
to the controls of the aircraft. The controls of the aircraft 
serve as the message receiver and decode the output signal 
to a form acceptable for altering the flight of the plane. 
The plane is also the destination of the message in the 
example. The fact that some of the control movements 
made by the pilot may not be the result of signal inputs 
from the control panel is accounted for by a noise- 
generating source—i.e., as a result of “noise” in the 
channel, spurious outputs which are not correlated with 
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any input signal may result. Not shown in the diagram 
is the loss of some of the input signals (equivocation). 
Since the plane is both the information source and the 
destination in the example, a dotted line is shown depicting 
feedback from the aircraft via the transmitter. 


Types of Human Information 
Processing 


While “information processing” refers broadly to the 
entire stimulus-response complex, it may also be viewed 
in terms of the nature or degree of perceptual-integrating 
activities involved in the information processing. From the 
latter viewpoint, human information processing may be 
classified into the following types: 


1. Where the human is essentially a relay. In this case there 
is virtually a one-to-one correspondence between the signal 
received and the subsequent response. Cortical involvement is 
at a minimum. An example would be the task of teletypewriting 
an already prepared message. 

2. Where the human acts as an encoder. Here there is a 
transformation of the input signals such that the response out- 
put may be either qualitatively and/or quantitatively different 
from the input. Cortical involvement may vary widely, depend- 
ing upon the task; however, the minimum degree of involve- 
ment would usually exceed that of the relay situation. The task 
of keying a code number to represent address information 
would be an example. 

3. Where the human is an evaluator. This is the decision- 
making type of situation. Responses, when made, represent a 
choice based on an interpretation of the input information. 
The response may also be the result of past inputs or experi- 
ences, and/or a consideration of future contingencies. An 
example would be the functions performed by the weapon 
selector in modern military systems. 


Information-Processing Capacity 


The information-handling capacities of the human op- 
erator are typically defined in terms of the speed and 
accuracy of task performance or in terms of the amount 
of information transmitted per second. By “information 
transmitted” is meant the number of binary decisions 
(bits) involved in the information processing. 

It should be noted that specific values for the capacity 
of the human to process information are dependent upon 
many situational variables. These variables, some of which 
will be discussed later, make the enumeration of values 
for the capacity of the human channel rather specific to 
the conditions under which the measurements were ob- 
tained. 

For situations where the input information varies along 
a single dimension (such as color, brightness, loudness, 
pitch), and the task requires an absolute judgment about 
the stimulus in terms of this dimension, the human is 
capable of processing approximately 3 +1 bits of informa- 
tion per stimulus event.* (/4, 75) That is, the human 
can identify absolutely only between 4 and 16 steps along 
any single sensory dimension. While some differences do 
exist between the sensory channels in this respect, the 
interesting feature is the similarity of the results obtained 
with different input channels. In the applied situation, the 
relevant conditions are usually not limited to that of a uni- 
dimensional input requiring an absolute judgment. 

The addition of other dimensions to the stimulus will 
increase the amount of information transmitted (or the 
capacity of the human channel) in absolute-judgment 
situations; however, the increase resulting from adding 
dimensions is at an apparently decreasing rate of change. 
(16) That is, the channel capacity is not the sum of the 
independent capacities for, say, two dimensions separately, 
but something less than this sum. The addition of a third 


* Absolute judgment refers to a categorization or identification of the stimulus 
itself as opposed to a comparative judgment, in which the stimulus is evaluated 
relative, in some respect, to another stimulus. 
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dimension increases capacity also, but the amount of in- 
crease is less than the amount of increase observed when 
the second dimension was added, and so on for further 
dimensional additions. It should be mentioned that, while 
the addition of stimulus dimensions does increase the 
total capacity of the human channel, the accuracy with 
which judgments are made decreases with respect to any 
particular dimension. 

The capacity of the human channel to transmit informa- 
tion under conditions of immediate memory is apparently 
independent of the amount of information represented by 
the memory units or items. (16) Immediate memory con- 
ditions are situations in which a person receives a sequence 
of stimuli before making a response. While immediate 
memory is of finite length (usually ranging between 5 to 
9 items), the informational content of the memory ma- 
terial can be increased without affecting the memory 
span. That is, it makes little difference in this situation 
if the stimulus material is sequences of decimal numbers 
or words from a 1000-word vocabulary. 

With regard to the upper limits of human information 
transmission, 30-35 bits/sec seems a reasonable estimate. 
(15) Such information transmission occurs in the oral 
reading of English text when the vocabulary contains ap- 
proximately 1000 words and the reading rate is 200 words 
per minute. 


Factors Affecting Information 
Processing 


There are many factors which affect human information 
processing. The already-noted interchangeability of the 
terms “human behavior” and “information processing” 
suggests correctly that anything which affects behavior 
will, in a broad sense, affect the information-processing 
performance of the human. The present discussion will be 
limited to a brief consideration of a few of the relevant 
factors. The compatibility of the stimulus-response situ- 
ation, the speed, regularity and other conditions of stimu- 
lus presentation, the skill of the human and/or the effects 
of practice, and the effects of noise and irrelevant in- 
formation will be considered. These factors are not mutual- 
ly exclusive. 


e Stimulus-response compatibility refers to the inter- 
action effects of the nature and mode of stimulus presenta- 
tion with the nature and mode of the response medium. 
(17, 18, 19) In general, the more compatible the stimulus 
with the response, the greater the rate of information 
processing. Among the relevant considerations for stimu- 
lus-response compatibility are the past experiences of the 
human, population stereotypes, the parallelism between the 
stimulus presentation and the response medium, and the 
nature of the encoding or cortical involvement required 
by the situation. Under certain conditions, for example, 
verbal responses to visual inputs will result in an informa- 
tion-transmission rate greater than motor responses to 
these same stimuli. 

The assignment of response categories on the basis of 
the statistical properties of the stimulus alternatives will 
improve the rate of information transmission. (20) In the 
latter situation, the faster and more easily made responses 
would be paired with the more frequently occurring stimu- 
lus alternatives. The nature and/or degree of encoding 
involved in the task is an important aspect of stimulus- 
response compatibility. The less the cortical involvement 
(i.e., the easier the encoding requirement), the greater 
will be the rate of information transmission for any set 
of stimulus alternatives. 


e The speed, intermittence and other conditions asso- 
ciated with the presentation of signals to the operator 
will affect the rate of information processing. Up to a 
point, increasing the rate of stimulus presentation will 
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Table Ili—Recommendations for Improving Information Processing 


Ee 


1. Input signals which vary along a single physical dimension 
should not present more than approximately eight alternatives 
for absolute identification. If the situation requires a larger num- 
ber of alternatives, additional dimensions should be incorporated 
into the signal. 


2. In situations where the operator receives a sequence of 
signals before responding, the regrouping or “recoding” of the 
input units to represent larger amounts of information will in- 
crease transmission capacity. 


3. By increasing stimulus-response compatibility, the rate of 
information processing will be improved. The pairing of input 
signals with responses in the light of either population stereotypes 
and/or parallelism between the nature of the input and output 
will increase the information processing rate. 


4. Decreasing the amount of encoding (cortical involvement) 
required will improve the rate of information transmission. 


5. The arrangement and presentation of signals in a manner 


which takes into account occurrence probabilities will enhance 
information processing. 

6. Similarly, assigning responses to signals in the light of 
occurrence probabilities will improve the rate of information 
transmission. 

7. By allowing the operator to control the stimulus or signal- 
presentation rate (especially in tasks which continue for extended 
periods), the average rate of information processing will be 
improved. 

8. The provision of advance or anticipatory input informa- 
tion (especially in situations where the rate of input signals is 
externally controlled) will improve the effective information- 
transmission rate. 

9. Reduction of noise and irrelevant material associated with 
the input situation will enhance rate of information processing. 

10. Where it is impossible to eliminate noise and irrelevant 
signals, practiced operators and redundancy in the prime signals 
will favor increased rates of information processing. 





increase the rate of information transmission. (1/9, 20) 
As the intermittence between input signals becomes longer 
and/or more variable, the rate of information processing 
will decrease and performance will be more variable. If 
the conditions of presentation provide partial or complete 
advance (anticipatory) information about the input stimu- 
li, the rate of information transmission will generally be 
increased. Such anticipatory information usually allows 
the operator either to set himself for a restricted number 
of stimulus alternatives, or to prepare a response in 
advance. For tasks which continue for an extended period 
of time, the average amount of information processed 
will usually be greater when the operator can control 
the rate of input signals, as opposed to conditions where 
the input rate is controlled by external conditions such 
as by a machine cycle. (2/) The advantages of operator- 
pacing stem from the variable nature of human perform- 
ance. 


4. Factors in Decision Making* - 


ONE OF THE key problems for a system designer is the 
allocation of decision functions between men and ma- 
chines. To state this problem in more specific terms, the 
designer must select the decision-making steps which can 
and should be pre-programmed for machine execution and 
those steps which should be taken by humans operating 
at various levels within the system. Before we discuss some 
of the steps that are involved in such “rational” decision 
making, a summary will be given of recent fundamental 
research on the related psychological factors. In its sim- 
plest form, a “decision” may be defined as a deliberate 
or voluntary time-bound choice of one out of a set of 
available action choices. 


Recent Research in Decision Making 


Present-day research in the field of decision making has 
stemmed from two main streams of effort, each one equally 
important for system designers. On the one hand are the 
mathematicians and economists, the early game theorists 
and statistical-decision theorists. (23, 24) These investi- 
gators place emphasis upon what a completely rational 


* The material presented here was originally developed as part of a research 
program on human decision making under contract with the Operational Appli- 
cations Office, Directorate of Technology, Air Force Command and Control 
Development Division, sponsored by the Astrosurveillance Sciences Laboratory, 
Electronics Research Directorate, Air Force Cambridge Research Laboratories, 
Contract No. AF 19(604)-6164. 
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With respect to skill level and/or the effects of practice, 
the rate of information processing will increase up to 
some limit as a consequence of practice and/or increased 
skill. Practice results in greater selectivity in what the 
human attends to, elimination of unnecessary response 
components, and an improvement or refinement of neces- 
sary response components. 

The presence of noise (interference during the presen- 
tation of input stimuli) will adversely affect the rate of 
information processing. Also, the amount of irrelevant 
material through which the human must search in order 
to detect or identify the relevant signal will decrease 
information-processing performance. (22) Practice will 
assist only to a degree in overcoming the effects of noise 
and irrelevant material. 

A number of recommendations for improving human- 
information processing are listed in Table III. This list 
is not exhaustive. 
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decision maker should do when presented with a set of 
alternatives, among which he must choose. The so-called 
“economic man” assumed by theorists has been given 
these characteristics: (25) 


1. He is completely informed. He knows all action alterna- 
tives and the entire set of outcomes which could result from 
each action. 

2. He is infinitely sensitive. He is able to distinguish among 
subtle differences in alternatives and costs, no matter how small. 

3. He is rational. He can express preference orderings for 
all outcomes. These preferences are invariably transitive. He 
chooses so as to maximize some value (e.g., expected utility). 


This approach to the subject of decision making (the 
postulation of a rational economic man) has been termed 
“prescriptive.”+ In its purest form, the work of the “pre- 
scriptive” investigators should enable system designers to 
sO program computers that, in some situations, decisions 
are obtained that are clearly superior to any which man 
could conceivably make within realistic time limitations. 

On the other hand, we have those who adopt a more 
“descriptive” approach—the psychologists and sociologists 
who are mainly interested in how humans actually behave 


+ The current state of the prescriptive approach has been summarized by 
Chernoff and Moses (1959) and by Blackwell and Girshick 
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when faced with a decision situation. (26, 27, 28, 29) 
The descriptive experimenters can contribute knowledge 
concerning the capabilities and limitations of human de- 
cision makers which should enable system designers to 
apportion tasks between man and machine. Their findings 
can assist designers in providing the proper number and 
required types of information channels and the environ- 
mental structuring (both physical and social) conducive 
to effective decision making. Their research allows design- 
ers to take account of human misconceptions, response 
biases, stereotypes and social interactions. 

The recent years have seen a cross-fertilization between 
the two approaches. The prescriptive research strategy 
of exploring the limiting case of rational behavior pro- 
vides descriptive research with a foundation upon which 
a body of knowledge concerning adaptive behavior (i.e., 
behavior based upon psychological principles) can be 
built. It is not possible to detect departures from strictly 
rational behavior unless a rational strategy is specified 
for each situation under consideration. The mathematically 
inclined workers in decision-making have succeeded in 
expressing in mathematical terms what has been known 
for many years—that human beings are reasonable, but 
not rational, and that they behave only occasionally in 
a strictly logical fashion. They have thus gained support 
from the more descriptive workers, who have welcomed 
the systematization, clarity and rigor which mathematics 
provides. 

Thus far, the descriptive researchers have not been able 
(on the basis of their empirical investigations) to answer 
all of the questions put to them by the mathematical model 
builders, nor have the latter been able to encompass the 
complexity of human behavior with their postulates. How- 
ever, it is possible to point to instances of progress in the 
relaxation of the more unrealistic assumptions of ration- 
ality. For example, since it has often been noted that 
human choices can be intransitive, the transitivity assump- 
tion (in its former deterministic, algebraic form) has been 
dropped from most decision models. Although it may still 
be found in some stochastic models, it is in a much- 
weakened probabilistic, statistical form. 

Decision theorists have also largely rejected the notion 
(24) that objective probability plays a large role in 
decision making and have adopted instead some concept 
similar to that of “personal probability.” (30) Although 
most theorists do not go to the extent of denying the 
existence of objective probability, they seem to feel the 
need for a more subjective personalistic concept to account 
for action in the face of uncertainty. As for “utility,”* 
the major development has been the evolution of an 
acceptable means for its measurement (37) which is (a) 
free of the unrealistic assumption that the utility of money 
is a linear function and (b) free of the contaminating 
influence of variance preferences. Utilities other than 
money, which comprise the motivating forces or values in 
many real-life situations, remain largely unexplored from 
an experimental viewpoint. 

The descriptive workers have, likewise, recognized a 
need to expand their work to encompass a wider range 
of decision-making situations, as well as to move in the 
direction of a more realistic appraisal of the known 
relevant variables. It is possible to generalize some of the 
experimental results which have been obtained to real-life 
decisions which are made and acted upon tentatively, 
without permanent commitment, and without the possi- 
bility of dire consequences resulting therefrom. But there 
is a class of decisions (of particular interest in the context 
of certain military systems) in which a single error of 
judgment or poor prediction can be disastrous to the 
decision system. A logical extension of previous research 


* Utility refers to the potential gain or loss associated with an outcome. 
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would be the investigation of one-shot, irrevocable deci- 
sions concerning low-probability, high-utility events. 

A few additional gaps in our knowledge of decision- 
making processes could be mentioned. For example, al- 
though the area of two-alternative decision-making has 
been studied in depth, some recent findings indicate that 
results in multiple-alternative situations are not easily pre- 
dictable on the basis of findings in two-alternative situ- 
ations. (32, 33) A more intensive investigation of the 
multiple-alternative decisions seems indicated. Another 
situation which needs further research is that in which 
subjects can trade off the cost of a delay against a gain 
in certainty. (34) In view of the frequency with which 
this problem is encountered in most decision systems, the 
extent of our present knowledge of this aspect of the 
subject, however, is still far from adequate. 


“Rational” Decision Making 


In approaching the problem of decision making in 
specific relation to system design, one must first identify 
the steps required to be taken in any decision process, 
insofar as the decision might be termed “logical” or 
“rational.” Recent work in the field of decision theory 
(35) is valuable in helping to identify these steps. It is 
recognized that, in many decision situations, one or more 
of the steps may be performed unconsciously, in a matter 
of split seconds, or well in advance of other steps. More- 
over, certain steps may first be carried out on a trial 
basis, and then revised after their implications have been 
evaluated but before an action choice has been imple- 
mented. These identifiable steps in the logical decision 
process are as follows and are discussed in detail in the 
following sections: 


e Predict contingency probabilities and determine reliability 
of the predictions. 

e Identify action alternatives and constraints (rules of the 
game). 
Develop an outcome matrix and assign utilities to the out- 
comes. 
Determine an appropriate risk philosophy. 
Develop a set of decision rules (strategy). 
Interpret information entering the system. 
Review decision rules, and modify them if necessary. 
Implement the action choice. 


e Predict contingency probabilities and determine the 
reliability of the predictions. Essentially, this step is con- 
cerned with identification of the relevant events which 
will demand that action be taken, and the estimation of 
the likelihood of their occurrence. In the development 
of a weapons system, for example, preliminary planning 
requires that the system planner and designer interpret 
intelligence information to be able to estimate future 
enemy capabilities and intents related to the purpose of 
the system, and plan the system design around these 
preliminary estimates. However, once the system is in 
use, information entering the system may indicate that 
these estimates must be revised in the light of recent 
experience, and that the decision rules based upon them 
must also be revised accordingly. Thus, the prediction of 
contingency probabilities is an on-going process involving, 
initially, the system planners and designers and, ultimately, 
the users. 

As the contingencies begin to occur with some signifi- 
cant frequency, it becomes possible to determine how 
reliably they can be identified by the man-machine ele- 
ments in the system. This type of information plays an 
important role in the continual improvement of decision- 
making rules or strategies. 

e Identify action alternatives and constraints (rules of 
the game). The rational development of decision rules 
demands the explicit identification of the action choices 
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available to the decision maker, and the significant char- 
acteristics of these action alternatives. Among the most 
critical characteristics are: (a) lead time required between 
action choice and implementation (e.g., time required to 
achieve a desired level of alert status), (b) estimated 
success of the action (e.g., reliability and “kill” prob- 
ability of weapon systems), and (c) rules or constraints 
related to the use of particular action choices (e.g., 
conditions under which an irreversible action would be 
taken). 

Again, this step must be performed in advance by the 
system planner and designer, but with recognition of the 
fact that the action choices available to the user may be 
restricted or augmented during the operation of the system. 

e Develop an outcome matrix and assign utilities to 
the outcomes. The outcome matrix is simply a table show- 
ing every possible combination of contingency and action. 
The assignment of a value (or loss) to each possible out- 
come, perhaps the most critical step in the decision process, 
is a uniquely human function, depending on individual 
motivations, goals or sets of values. To the extent that 
a commonly agreed upon criterion (or criteria) for “suc- 
cess” can be established, it is possible in some situations 
to arrive at a commonly accepted set of utilities for the 
outcome matrix. However, in most real systems, success 
may be measured by several criteria, and agreement on 
their relative importance may be difficult to achieve. 
Human value judgments tend to vary considerably both 
among individuals and within an individual from time 
to time, and are often based on factors of which the 
individual himself is unaware. 

It should be pointed out that even when system goals 
or criteria for success can be agreed upon, the task of 
attaching utilities to the action-contingency combinations 
called “outcomes” is not a simple one in most practical 
situations. One must also consider the probability that a 
desired consequence (i.e., one which furthers the goals 
of the system) will result from each of the possible out- 
comes. This is one of the most difficult sets of estimates 
that a rational decision maker operating in a real-life 
situation has to make. 

In a complex military system, where consistency of 
behavior among many individuals is usually essential, 
utilities must be established which are in accord with the 
system goals, and these utilities must be made explicit 
and communicated to all persons playing a significant 
decision-making role in the system. Even more important, 
it must be recognized that events may require that the 
utilities be changed. For example, accidental destruction 
of a friendly aircraft during tense peacetime conditions 
probably represents a greater loss than it would during 
a “hot” war. The authority to make (and revise) these 
value judgments must be clearly allocated to specific 
individuals, and the values they assign to various out- 
comes must be communicated throughout the system. 

e Determine an appropriate risk philosophy. Risk 
philosophy, described in some detail in the literature on 
decision theory, is essentially the nature of the gain-loss 
balance which a person finds acceptable over a period of 
time. Minimizing the maximum loss (“minimax”) repre- 
sents one risk philosophy: minimizing the average loss, 
another. Experimental studies of gambling behavior indi- 
cate wide differences among individuals in preferred risk 
philosophies. Recognition that these differences may be 
important in military situations is suggested by evidence 
that different selection criteria are applied, for example, 
to fighter pilots as compared to bomber pilots. Further 
research is needed to determine whether significant rela- 
tionships can be found between measurable personality 
characteristics, risk philosophy and performance in other 
types of military decision-making situations. 

e Develop a set of decision rules (strategy). On the 
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basis of the steps described here, decision theory provides 
techniques for selecting an optimum set of rules or strategy 
in advance as an aid to rational decision making. It should 
be noted that many of the steps (e.g., assignment of values 
to outcomes, adoption of risk philosophy) depend pri- 
marily on subjective human judgment, while others (such 
as determination of prediction reliability and after-the-fact 
estimates of contingency probability) are more objective 
in nature and can be at least aided, if not entirely ac- 
complished, by automatic data-processing techniques. In 
theory, it would be possible to devise equipment which 
will actually compute the best set of decision rules for 
some systems, provided all the factors discussed above 
are explicitly identified and entered into the computer. 
If mixed strategies are desired, several alternative sets of 
rules could be computer-generated. 

Such pre-planned decision rules, whether or not they 
are automatically developed, should be formulated in 
terms which relate specific informational inputs to spe- 
cific action choices (e.g., if an air or space vehicle with 
a set of characteristics a, b, c,..., n is detected, take 
action X). They should also be responsive to changes in 
utilities, risk philosophy, estimates of contingency prob- 
ability, etc., which might be introduced by human moni- 
tors. 

However. such a system would ignore the possibility 
of unanticipated contingencies, or contingencies whose 
probability of occurrence had been estimated to be so 
low that economic considerations had forced the designer 
to omit them from consideration. Since unanticipated or 
low-probability events must be considered by the user of 
the system, humans are normally assigned additional func- 
tions, as is next described. 

e Interpret information entering the system. In many 
highly automated systems, humans are assigned the task 
of monitoring information simply as a back-up to the 
equipment. Although this may be desirable because of 
equipment unreliability, it does not fully exploit human 
capabilities, and in many instances it induces boredom, 
with consequent degradation of performance. Humans 
can serve several useful functions (related to the interpre- 
tation of information) which are either beyond present 
computer capabilities, or else would require unrealistically 
complex equipment: 


a. They can evaluate narrative information (such as intelli- 
gence reports) and “structure” or code it for machine process- 
ing, particularly if they are trained as specialists in limited 
areas of interest. 

b. They can recognize unanticipated or low-probability 
events which their data-processing equipment has not been 
programmed to handle, particularly if they are alerted to the 
possibility that unusual events might occur. Further, they can 
attach confidence levels to their reports of these events. 

c. They can recognize patterns of events (both temporal 
and spatial) which would require complex electronics to be 
recognized automatically. 


This is not to say that they would necessarily perform 
these tasks well. There are likely to be wide individual 
differences in effectiveness due to training, experience, 
distortion of memory, tolerance to stress, level of motiva- 
tion, and other personal idiosyncrasies, as well as to social 
factors which depend on the group organization. But in 
conceptualizing a system, the tasks mentioned above 
should be recognized as potentially important human op- 
erations, with implications for the design of equipment to 
facilitate them. 

e Review decision rules, and modify them if necessary. 
When information entering a system suggests the occur- 
rence of unexpected or abnormal contingencies, or the 
sudden availability of new action alternatives, the decision 
rules may have to be modified. When humans are in- 
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Fig. 4-1—Schematic diagram of steps in rational decision process. 


cluded in military decision systems to provide “flexibility,” 
it is because of their capability of accomplishing this 
function. Its effective accomplishment, however, demands 
that utilities be assigned to any new set of outcomes which 
become possible (see “Develop an outcome matrix...” 
above). The assignment of new utilities is like:y to be 
overlooked in the stress of the situation, unless careful 
training has emphasized the importance of this step. As 
discussed above in “Develop a set of decision rules...” 
it may some day be possible to perform the actual com- 
putation of the decision rules automatically. 

e Implement the action choice. In decision systems 
where the stakes (i.e., potential loss due to wrong action) 
are high, one or more humans are usually interposed 
between the selection of an action according to the deci- 
sion rule, and the implementation of the action choice. 
In concept, at least, if the decision rules have been formu- 
lated in advance by the process described here, it is hard 
to visualize what additional contribution can be made by 
a human at this last stage. In practice, however, it is 
almost certain that many of the action steps will have 
been performed by individuals with access only to limited 


5. Man and the Control Process 


Three categories of devices extend man’s capabilities: 


1. Measuring instruments built to extend man’s senses; they 
expand the variety, range and accuracy of his knowledge of 
the world. 

2. Transformational devices which operate on information 
obtained; they filter, re-code, transform mathematically, and 
even perform deductive or inductive logical transformations. 
These devices extend an aspect of the human thought process 
itself; they may be considered as extensions of the brain. 

3. Control devices extend man’s ability to move around in, 
manipulate, or modify his environment. These devices serve 
as extensions of man’s muscles. 


The control function derives from conscious processes 
that involve perception, understanding, and modification 
of the environment. For control to take effect, these con- 
scious processes must give rise to muscular action. The 
muscles, then, initiate the environmental change—some- 
times directly, at other times by use of tools or mechanical 
devices, or through complex control systems. 

Tools or implements are the simplest extensions of 
man’s muscles, and are characterized by the fact that 
they operate on muscle power alone. Control devices are 
mechanical arrangements serving the control function, but 
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information (i.e., information relevant only to their sub- 
system values and goals). These individuals therefore can- 
not be expected to have either the same information or 
the same set of values as the chief of the next higher- 
order system. And since many decisions made at the 
subsystem levels have important implications for the 
higher-order system, a pre-action review is often justified. 

The schematic in Fig. 4-1 presents a graphical re- 
statement of this discussion. 


The Future 


Humans will continue to be utilized in several roles 
which are essential in the decision-making process. These 
include: 


a. estimation of the likelihood of future contingencies 
. assignment of values (or losses) to each possible outcome 
>, establishment of a risk philosophy 
. recognition of indications of low-probability events (or 
those which cannot be handled by the equi>ment) 
. review of selected actions before they are implemented 
(where the stakes are high). 
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having some separate source of power. (Power tools, 
motor vehicles, and most household appliances—e.g., 
range, iron, vacuum cleaner—are control devices in this 
sense.) Control systems are the same in principle as control 
devices; however, the term “control system” as used here 
includes two or more—sometimes many—distinct ele- 
ments connected so as to control a given variable. 

The neural energies arising from perception and think- 
ing, and giving rise to human movements, are extremely 
minute. These energies “control” the much larger energies 
of the muscles in a way that anticipates a key process in 
control: the control of large amounts of energy by small 
amounts. The control of the aperture of a hydraulic valve, 
the grid current of a vacuum tube or, for that matter, 
the control switch of an electric range illustrates this 
process. 

Controls, then, form the means by which man transmits 
a “message” into a mechanism or into a next (and non- 
human) stage of a man-machine system. The following 
characteristics of controls are important: 


a. location-identification 
b. transmission of energy 
. transmission of information forward 
. transmission of information back to the control operator. 
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Fig. 5-1—The control-system director is part of the decision system forming the control-system input. Human control-system ele- 
ments are contained within the control system proper. When sensing and computing functions are carried out by a human element 


or elements, the system is often deceptively labelled “open-loop.” 


Problems of the location and identification of controls 
overlap so greatly that they have been lumped into a 
single category. The location of controls relates not only 
to their identifiability, however, but also to the nature 
and frequency of their operation, the arrangement of 
associated displays and controls, and the use of the control 
as a display—i.e., to transmit information about a control 
setting to the operator. Problems of identifiability involve, 
in addition to location, the type of control operation the 
control will make and the color, size, shape and texture 
of the control. (36) 

The transmission of energy or power via a control is 
important when human muscle power plays a significant 
role in a system. Auto steering or braking, when not 
powered, forms an example. The ratio of power con- 
tributed to control systems by man to that contributed by 
other power sources is declining enormously and will con- 
tinue to do so. Nonetheless, muscle power can and does 
contribute to some systems and must be considered in 
designing those systems. (37, 38) 

The most important function of controls, however, is 
not to transmit energy per se; it is to carry information 
by means of the pattern or structure of a control operation 
in time and space. The temporal structure itself answers 
the question, “When is a control actuated?” The spatial 
structure tells us (1) which of several controls are op- 
erated (as with a keyboard), or (2) which of two or 
more positions a control is placed in. Continuous control 
processes let us speak of a combined space-time structure 
—i.e., the control action in one or more dimensions as a 
function of time. 

The quantity of information that can be transmitted 
into a system via human control operations is extremely 
limited. Thirty bits per second is a very high rate, and is 
achievable with only a few control configurations. Some- 
one able to type messages composed of random combina- 
tions of 32 equally probable characters, at a rate of 6 
characters per second, would be able to transmit 30 bits 
of information per second through his keyboard. A tele- 
vision channel carries tens of thousands times as much 
information per second. The unimpressive information 
transmission rate of man indicates that the quantity of 
information man transmits does not account for his use- 
fulness in operating controls. Actually, man seldom func- 
tions as a simple information-transmission link in a man- 
machine system. Man is more generally involved in 
sensing, selecting, or originating information and of mak- 
ing decisions; the function of the control he operates is 
to get this information into the system. The amount of 
information has no necessary relation to the significance 
of the control operation. The legendary button to unleash 
our nuclear retaliatory forces may be only a one-bit 
control! 
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Many factors influence the effectiveness of a control 
in transmitting information from a man into a system. 
The type of control will depend on the kind of information 
to be transmitted. Speed and accuracy of operation are 
frequently of importance, as is the compatibility of the 
control with other aspects of the system. For example, 
a control for a vehicle should be compatible with: 


1. The movement of the vehicle: e.g., a movement of the 
control to the left should not move the vehicle to the right. 

2. Display orientation and movement: e.g., a movement of 
the control should not cause an associated display to move in 
the opposite direction. (The movement of a display may be 
quite different from that of the vehicle to which it refers.) 

3. Other controls. 

4. Operator structure: e.g., the control should not require 
manipulations a human operator cannot easily perform. 

5. Population stereotypes: e.g., wp, clockwise, and to the 
right are all associated with increase in our culture. 


The most neglected aspect of control design is the 
transmission of information backwards, from the control 
to the operator. The feedback loop from the control to 
the operator generally employs vision, the tactual-kinesthe- 
tic sense, or both. Actually, almost every control is also 
a display, informing the operator of the control action 
that is in effect. Frequently, the design of controls as 
effective displays takes precedence over their design as 
controls per se. Principles applicable to the design of 
displays can often be applied with profit to the design 
of controls. 


Man and the Centrol System 


A discussion of man and the control system involves 
the following factors: 


a. open vs closed-loop control 
b. man as a control-system operator 
c. man as a control-system element. 


Close inspection of most open-loop control systems will 
show that few of them are in actuality open-loop systems 
(see Fig. 5-1). They are, more accurately, systems in 
which the feedback loop is provided by man. The manual 
temperature-control system, for example, usually includes 
a person who senses the temperature, either directly or 
by means of instruments, and adjusts the system accord- 
ingly. This human “thermostat” closes the loop in the 
same sense (if not the same reliability) as does his auto- 
matic counterpart. Thus, this usual concept of open-loop 
control depends on a rule, usually implicit rather than 
stated, that human sensing and feedback elements are 
excluded from the system. A more recent usage of the 
term “open-loop” applies it only to programmed systems 
in which the system's action is built-in in advance, and 
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the system is not responsive to changes in outcome during 
some defined cycle of operation. 

The fact is that the system concept itself is of com- 
paratively recent origin. Considering the system from a 
more modern viewpoint, the substitution of a mechanical 
component for a human sensing and feedback element was 
quite a remarkable achievement, even if it did not change 
the fundamental closed-loop structure of the man-machine 
system. The concept that allows us to include the man in 
systems formerly classed as open-loop is also an achieve- 
ment of importance, one which permits us to examine 
the characteristics of man in respect to all of his possible 
roles in the control system. It enables us, for the first time, 
to utilize human capabilities consciously at any point we 
need them in the control-system structure. 

Actually, man plays two quite different roles with 
respect to the control system: (1) he supplies the system 
input and (2) he may serve as an element of the system. 
The first role is outside the control-system loop, and 
derives from the human goal or purpose which provides 
the reason for the system’s existence. As previously noted, 
his function could be described as that of control-system 
director. The director of a control system is a decision 
maker. His principal task is to decide what it is the system 
should do. In this position, man is the representative of 
the user of the system, whether that user is a person, 
group, or organization. Although the director’s decisions 
may be automated or programmed in various ways, the 
ultimate decisions are always traceable to man. Man can- 
not, in principle, be replaced in his function as a control- 
system director. Sometimes, the same person is both the 
director of the control system and an element in that 
system—as, for example, an aircraft pilot. More significant, 
perhaps, is the fact that control systems are frequently 
arranged hierarchically, and a given control system with 
its director may also be an element in a larger control 
system. 

As a control-system element, man can be, and fre- 
quently is, replaced. The control-system element to replace 
him should be selected with reference to the total require- 
ments of the system, and the special characteristics of 
discrete mechanical and human components. 

The characteristics of man that are important in con- 
sidering his role as a control-system element tend to be 
different from those important to a control-system director. 


6. Human Vigilance oe ..9®% 


A GOOD DEAL of research has been accomplished on the 
subject of prolonged human vigilance and its relation 
to optimum equipment and systems design and operation. 
The main implications of this work can be considered 
under two headings: (1) diagnosis of vigilance decrement, 
and (2) prevention of vigilance decrement. 


Diagnosis of Vigilance Decrement 


To define the area of discussion, vigilance can be re- 
garded as a state of readiness to detect and respond to 
certain specified small, but important, changes in the 
environment, their onset being unpredictable in either 
time or space. The human, as part of a man-machine 
system, is trying to detect (monitor) these visual or audi- 
tory signals as they occur in his surroundings. There are 
three main forms of human monitoring: 


1. Usually the observer knows what he is looking or listen- 
ing for, but he cannot tell beforehand when it will happen, 
although he may well have some idea of where it is going to 
take place (e.g., the operator may at least know that the wanted 
incident will occur on a particular display). 
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The control-system director will usually need to under- 
stand the goal of the system, and the factors that may 
affect its realization. He makes decisions, exercises judg- 
ment, and carries responsibility for what the system does. 
The most relevant research areas concerned with this 
control-system role are therefore those of decision making 
and (sometimes) leadership. 

The human control-system element fulfills different 
kinds of requirements. His relevant characteristics are 
usually classified as “skills.”* The principal matters of 
concern here are how good his “sensors” are, how quick 
his reactions, and how skilled his control manipulations. 
A discussion of the characteristics of man as a control- 
system element requires an article in itself. The following 
are some of his outstanding traits: (39) 


1. Man’s sensory and perceptual characteristics are of major 
importance in his usefulness as a control-system element. He 
can detect signals well and can perceive patterns of events that 
cannot yet be detected mechanically. 

2. Man can perform transformations on signals reaching 
him. Some of these can be described usefully in engineering 
and mathematical terms. Man can amplify, multiply, integrate, 
or differentiate input signals, or sum two separate signals. He 
can combine these operations effectively in performing a 
meaningful task, such as controlling a vehicle or interpreting 
a radar signal. 

3. Man can learn complex input-output relationships, ac- 
quiring through training the capacity to perform a desired 
transformation. He can also modify this transformation as cir- 
cumstances require. He thus forms an extraordinarily flexible 
control-system element, more adaptive than any “adaptive con- 
troller” in the breadth of changes he can make in his signal- 
transmission characteristics. 

4. Man’s principal drawbacks are that he is slow to react, 
imprecise and, in many applications, expensive. Where speed 
and precision in producing a completely definable transfer 
function are the principal system requirements, man usually 
forms a poor, if not completely unusable, control-system ele- 
ment. 


Despite his limitations, in many systems man still forms 
the finest control element available. Perhaps someday the 
control system containing a human element will be a 
rarity. The control-system director would then be the sole 
focus of attention in human-factors engineering. But if 
this is to happen, it will be a long time from now. 


* See Section 7, “Human Skills as Systems Considerations.’’ 
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2. Quite often, however, neither the time of onset of the 
known event nor its position in space can be foreseen in any 
way. 

3. There are also other occasions when the operator has a 
fairly good idea of when something is going to happen, but 
has no knowledge of where this event will be. He knows it is 
coming, but many possible sites have to be considered for the 
signal at that point in time. 


Presence of a Decrement in Vigilance. The first essential 
in a diagnosis of a given situation is to establish whether 
or not prolonged monitoring leads to a decline in a readi- 
ness to detect and respond to small unpredictable signals. 
It is vital to know whether a lack of sensitivity develops 
as time passes by. The evidence is now quite clear that 
people often do fail to maintain their initial level of 
vigilance or a high pitch of alertness for extended periods 
of duty. Since research results have shown that decre- 
ments in vigilance are seldom caused by a lowered sense 
of responsibility to the task, other causes have to be sought 
(e.g., inherent defects in equipment or system design, 
physiological reactions to working environment, or psy- 
chological factors). 
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The problem of vigilance has been especially acute in 
radar work; some of the earliest investigations took. place 
during World War II. Studies under real-life operational 
conditions tended to confirm laboratory evidence of the 
marked deterioration in detection of radar signals under 
simulated prolonged monitoring tasks. 

Experimental work on prolonged visual alertness has 
an important bearing on space-flight problems. It has been 
demonstrated that changes in posture every half-hour give 
a significant recovery in visual sensitivity during test runs 
lasting several hours. The subject has to stand up and walk 
around for a few minutes before resuming his tasks. The 
pioneer astronaut, however, in his relatively small capsule, 
is inevitably going to experience difficulty in moving 
around at all. For many hours he will have to be em- 
bedded in a body splint supporting his head, back and 
limbs. Under such conditions, a pause in visual tasks 
alone will not be sufficient to restore the initial level of 
his monitoring ability. The problem here is how to provide 
for a change in posture or position necessary to maintain 
the required alertness. 

In another investigation, as many as 18,000 disk-shaped 
objects were thrust at a subject every hour, at a viewing 
distance of 2 ft. The effect was that of a conveyor belt 
moving so rapidly that five new objects passed the viewer 
every second. About one disk in eight (on the average) 
contained a flaw in the form of tiny black specks. During 
the first half-hour the subject tested let through only 1 per 
cent of the flawed disks, but in the second half-hour as 
many as 4 to 5 per cent were allowed to pass. 

Causes of Sustained Vigilance. There are, of course, ex- 
ceptions to the usual experience of decrements in vigilance 
under prolonged monitoring conditions. Attempts have 
been made to find general reasons for these exceptions. 
Two conditions can be noted: 


1. Sustained vigilance can take place when the operator is 
an expert performer. In such instances, a perfect or near- 
perfect level of performance is often maintained throughout 


Observing responses, hundreds 


@ 





Half-hour periods 


Fig. 6-l1—Mean percentage of signals detected and mean 
number of observing responses per half-hour period for a two- 
hour session in a vigilance study. Curve R-H, observing re- 
sponse data for the low-detection group; curve D-L, detection 
data for the high-detection group; curve R-L, observing re- 
sponse data for the low-detection group; curve D-L, detection 
data for the low-detection group. 
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a long period of time. In fact, expert performance is the most 
common.explanation of sustained vigilance. 

2. Another reason for sustained vigilance can be found 
when the operator is both informed and dedicated. Regard- 
less of arduous conditions, such an operator is likely to main- 
tain a high level of alertness for prolonged periods. 


Progress information fed back during monitoring per- 
formance can motivate sustained and improved vigilance. 
Two different kinds of effect are realized: the first is a 
tangible supply of information leading to “action-to-be- 
taken-now” response by the operator; the second is the 
creation of a “rewarded” feeling. The latter, though it is 
intangible (and cannot be too precisely measured) is 
much too important to be slighted or ignored. 

Instances of sustained vigilance in particular experimen- 
tal tasks can sometimes result from artificially introduced 
conditions (artifacts). It has been shown that performance 
in visual watching can be maintained at a really effective 
level when successive events arrive at fairly regular time 
intervals. For example, the repetition of a signal every 5 
sec until it is detected can give assurance of sustained 
vigilance under circumstances that otherwise would usually 
lead to a falling off in the accuracy of detection. Much 
the same advantage is found when the signal is prolonged 
so that it remains on the display until the operator does 
eventually respond. Vigilance is well sustained under 
these circumstances. But if the task is changed so that 
the signal always stays on the display for only half a 
second or so, whether or not the viewer responds, a 
vigilance decrement takes place. It is interesting to ob- 
serve that this time interval is approximately equal to 
the interval occupied by a momentary lapse of attention. 


Prevention of Vigilance Decrement 


There are three major and interrelated considerations 
that have a bearing on the prevention of vigilance decre- 
ment: (1) specific equipment and systems-design factors, 
(2) design of work conditions, and (3) characteristics 
of monitoring personnel. 

Optimum Equipment and Systems Design. Without any 
change in the nature of information presented, equipment 
and systems displays can be so re-designed that the ability 
of the monitor to detect even the slightest signal is sub- 
stantially improved. Some of the design requirements may 
be obvious, but others are more subtle. For example, it 
is obvious that a display should be large enough to be 
legible. But it is far less obvious that—for this very reason 
—care should be taken not to make the display too large 
for easy visual search. It has been established that a dis- 
play that subtends no more than +5 deg is much more 
useful compared with larger versions of the same visual 
material. 

A novel radar design employs a double-display arrange- 
ment in which one-half of the display is the mirror image 
of the other. The targets are therefore always shown in 
duplicate. Moreover, the displays are so designed that 
the double image of the most distant targets always ap- 
pears in the center of the display where it is most likely 
to be seen. (The distant targets often include the most 
critical—that is, those which are as yet undetected.) 

Recent studies have also emphasized that eye move- 
ments are particularly important in monitoring of radar 
screens, and studies of such movements are thus valuable 
in radar design. For instance, the presence of a scanning 
radial line of light has been shown to give disproportion- 
ately great eye-fixations in a ring at the half-radius region 
of the circular screen. This explains the important fact 
that detections were most likely at a position half-way 
out from the center of a circular display. 

It would seem that much more work is needed on the 
relation between eye movements and visual signals. New 
techniques are now available to undertake such studies. 
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Work now in progress employs a lightweight, head- 
mounted motion-picture “eye” camera which simultane- 
ously scans a given display (say a radar screen) and 
records the changing position of the operator’s eyes by 
superimposing dots of light on the film. The studies in 
eye movements include such vital questions as why 
operators sometimes look directly at displays without per- 
ceiving that they are there at all. 

The ability to sense the content of a display without 
having to look directly at it is also an important factor 
in design, especially in design of discrete flight instru- 
ments. It is sometimes desirable that particular displays 
should not demand an unnecessarily precise aiming of 
the operator’s gaze, since this may well delay the percep- 
tion of other data displayed on the control panel. Flight 
instruments can be classified along an “aim-off” scale, at 
one end of which are those displays that need extremely 
accurate observation (e.g., where the visual details are 
small, as in reading a radar echo, so that the operator’s 
gaze usually has to be within a degree or so of the correct 
position of the target). At the other end of the scale, one 
could place the xenon light from a space capsule which, 
under certain conditions, can be detected when the gaze 
is at right angles to the direction of the signa! light. 

Some interesting visual monitoring problems are related 
to the optimum rate of flash signals from space capsules 
that are being retrieved by air-sea search procedures. The 
power sources must not be depleted prematurely, and 
compromises therefore have to be made. but rates of one 
flash per sec may be more appropriate than, for example, 
one flash every 15 sec, since the signal light will obviously 
be submerged at times. 

The rate at which signals appear is known to have a 
marked effect on the vigilance of the observer. In fact, 


7. Human Skills as Systems Considerations «!: 


THE PURPOSE OF this section is to review some of the 
established facts about human skills and outline some of 
the theoretical issues. 


Definitions 


Human skill consists in the ability to manipulate some- 
thing—either oneself or objects in the environment—to 
achieve some given purpose. Skill is opposed to clumsi- 
ness, and carries a connotation of striving for excellence. 
A skillful person achieves his goal with proficiency, and 
whatever is produced has the stamp of quality and flaw- 
lessness about it. 

The commonest meaning of skill involves the perform- 
ance of some psycho-motor task—that is, a task which 
results in some overt movements of the person under the 
guidance and control of psychological mechanisms. Let 
us first review briefly therefore, what is known about 
making movements. (40) 


Classification of Movements 


There is a distinction between fixed movements and 
ballistic movements. In the strictest case, fixed movement 
does not involve motion, but only a maintenance of pos- 
ture; however, its definition is broadened to take in small 
changes of posture which are under more or less con- 
tinuous control by the nervous system. Holding and writ- 
ing with a pen is an example of fixed movement; it in- 
volves the antagonistic action of opposing muscles so that 
a state of muscular tension arises. Throwing a ball is an 
example of ballistic movement; it involves the contraction 
of a set of muscles (all muscles function by contraction) 
and their sudden relaxation. 

Most movements are a mixture of the two types; but 
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the probability of detection (in terms of wanted signals) 
increases according to the logarithm of the number of 
signals per hour. The possibility of adding extra (syn- 
thetic) signals to increase the level of alertness is an area 
of research which has still to be explored. 

The reduction of the element of unpredictability in the 
incidence of signals would be of considerable value in the 
improvement of monitoring performance. It would help, 
for example, if signals would occur at regular and well- 
separated time intervals. But in most instances, temporal 
separation is unlikely to be practicable. A much more 
feasible approach would be reduction in unpredictability 
in space. When three spatially separate signal sources are 
combined into one centrally placed display, monitoring 
is shown to be greatly improved. 

Work Conditions. Working environments (such as tem- 
perature and noise), working conditions (such as length 
of monitoring tasks and rest intervals), psychological effects 
(supervisory attitudes and competitive situations), and 
physiological situations (lack of sleep) are all related to 
the degree of vigilance in monitoring. The equipment and 
systems-design engineer should have cognizance of this 
area of human-factors research. Figure 6-1 shows some 
typical research data derived from a study of several 
groups of subjects of different detection capacity. 

Monitoring Personnel. The inherent personality charac- 
teristics of operators can also affect the level of monitor- 
ing performance. The type of operator likely to be selected 
as an element in a given equipment and system is also 
pertinent design information. 

These aspects of engineering psychology will be dis- 
cussed in detail in the sections which follow: “Human 
Skills as Systems Considerations” and “Environmental 
Stress.” 
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there is a progressive tendency to replace fixed movement 
by ballistic ones as skill at a task develops. 

There are many different types of movements, and at 
the danger of doing some violence to the variety of pos- 
sible human movements, we will talk about them under 
three headings: 


1. Static Movement. Holding one’s body and limbs still 
is the unalloyed example of fixed movement. It is im- 
portant to realize that maintaining a posture requires the 
expenditure of energy, as anyone may test for himself by 
holding his arms out horizontally. 


2. Positional Movement. Positional motion (movement 
of one’s arm or leg from one position in space to another) 
may be done with or without the aid of vision. As an 
example of the latter, we have the machine operator look- 
ing at a workpiece and then reaching for and activating 
his controls blindly. Certain variations in accuracy can be 
related to the span and direction of movement. (47) How- 
ever, most positional movements are vision-directed. 

Positional motion is made up of two parts: primary 
movement, which is the reaching movement covering most 
of the distance; and secondary movement, which is the 
final aiming or adjustment component. Primary movement 
takes a little longer when it is large rather than small: 
for 3 cm it takes about 0.25 sec, for 40 cm about 0.5 
sec. Secondary movement hardly takes any longer what- 
ever its size, and works out at or a little less than 0.2 sec. 

Repetitive positional movements have been much 
studied. They are capable of providing much data on the 
speed and accuracy of movement. (42) 


3. Adjustive Movement. Adjustive movements normally 
occur in a continuous control task and consist, in the 
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general case, of reducing some discrepancy between what 
is desired and what is actual. The man may be regarded 
as being in a closed-loop situation—he sees what he does 
and hence acts again. 

When man is confronted by a continuous control situ- 
ation, such as following a spot of light jumping around 
on an oscilloscope, there are certain limitations on his 
capacity to make the appropriate adjustive movements. 
First, his actions cannot be forced down to much less 
than 12 deg of motion (using a joy stick, crank, or 
wheel); the variability of his movement overwhelms its 
adjustive component. Second, the speed of his actions is 
limited in terms of frequency; where the inputs are ran- 
dom (that is, the man cannot predict what is coming 
next), his movements tend to be spaced apart by a factor 
of between 0.2 and 0.4 sec. The situation is changed when 
he is able to predict with accuracy what is coming next; 
the gaps tend to disappear. 

Adjustive movements are composed of two kinds of 
movement; positional and rate movements. Positional 
movements occur when the error to be corrected is large 
and they are quick, large adjustments. The movements 
are characterized by being large in extent, short in time. 
Rate movements are made when the limb is in continual 
motion and occur at about the same speed as the target. 
Error tends to stay small, so that the corrective move- 
ments are characterized by being small in extent, rela- 
tively long in time. The situation is that man responds 
both to the positional term of the error signal and to its 
rate term (first derivative). 

First, it may be pointed out that man acts in close 
analogy to a servo system. Servo theory states that, to 
achieve zero error in a control system, the order of con- 
trol (the number of derivatives taken of the input signal) 
must be one greater than the highest derivative character- 
istic of the input itself. Man does just this. 

Second, the development of proficiency can be analyzed 
in terms of the weights given to the error term and its 
derivatives. In the control of simulated aircraft, it has 
been shown that the novice pilot places more weight on 
the error term than on its derivatives; however, the ex- 
perienced and proficient pilot places between two and 
three times as much weight on the first derivative term 
as on the error term. He will place, in time, some 
weight on the second- and even the third-derivative terms. 

In psychological language, the importance of perceiving 
rate terms lies in the possibility thus created of sensing the 
on-going situation and hence of anticipating what is about 
to happen. The sensing functions are therefore fundamen- 
tal to the development of skill, and proficiency becomes 
possible as the man develops the capability of anticipating. 


General and Specific Abilities 


So far, we have discussed mainly the movements that 
a man makes with his muscles, the so-called effector 
functions. These, of course, must be incorporated and 
controlled by some more general ability. 

Intelligence may be regarded as a general ability which 
serves to support, to some extent, all other special abilities. 
But we should not expect intelligence (at least as defined 
in Western culture in a mainly verbal and symbolic sense) 
to be very highly correlated with the psycho-motor skills. 
Research has demonstrated that measures of simple skill, 
such as simple speed of reaction, accuracy of reaching 
movement, ability to adjust positions, etc., are indeed 
poorly related to intelligence. Intelligence plays a larger 
role when the skill becomes more complex, for it estab- 
lishes in part our capacity to learn. However, intelligence 
per se is not a substantial determinant of skill. 

A number of studies agree in supporting the idea that 
a person good at one type of given ability is likely to be 
good at other types in the same category. This conclusion 
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has been made, for example, in a study of complex 
control tasks. (43) The psychologist talks of this inter- 
changeability of skills as “transfer of training.” 


Development and Structure of Skill 


Skills tend to have a hierarchical structure in which 
numerous basic skills are built up into increasingly com- 
plex skills; the lower-order skills tend to drop out of 
conscious control. Through the long years of infancy, 
childhood, and adolescence, the individual passes from the 
initial stage of possessing only the most basic reflexive 
responses, through many stages of maturation, develop- 
ment, practice, and experience to emerge as a fully co- 
ordinated human machine. He is capable of applying 
force to himself or his environment in an almost infinite 
variety of ways and with the nicest gradations. 

Primarily, one learns to know how to control, and 
what can be done with, one’s own body. The environment 
is continually changing and while an immense amount of 
knowledge about the environment is of course acquired, 
it is a comparatively small amount in relation to what— 
potentially—there is to know. This point is very significant 
in understanding the development of a skill. Studies of the 
learning of a complex skill demonstrate that the motor 
aspects of the task are normally quickly mastered and 
are not the major source of difficulty. The motor aspects 
of the task can be considered to include and to be an 
extension of the skills of controlling oneself. The difficulty 
lies more in the perceptual and “thinking” part of the 
performance. 

The sequential pattern of learning a skill is approxi- 
mately: 


a. physical manipulation of control objects 

b. perceptual intake of appropriate information 

c. coordination of sensory and motor activities 

d. build-up of “expectancies” so as to prepare responses 
before they are required 

. Tefinement and smoothing of responses 

achievement of appropriate time patterns of activities 

g. integration of the whole into smooth, rapid, and pro- 
ficient performance. 
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One utilizes the motor abilities already largely present, 
but one has to learn to match these abilities against the 
requirements of the task. This matching process is the 
heart of the matter and most clearly requires sensory 
information, the processing of that information and its 
utilization. Hence, the locus of difficulty—that which must 
be learned—lies preponderantly on the receptor side rather 
than on the effector side. 


Procedures and Problems in the 
Measurement of Skill 


Much skilled activity can be quantified in terms of 
speed and/or accuracy. Psychological tests of manual 
dexterity, for instance, measure the time required to un- 
dertake a series of manipulative actions. Studies of the 
ability of persons to follow a desired course can be 
measured in terms of error: for example, a pilot flying 
down the ILS (Instrument Landing System) beam can 
have his performance measured by obtaining the sum 
of his deviations on either side of the center line (integral 
of absolute error). Various derivations of this score may 
be taken, the most common of which is rms score of 
error. Combined speed and accuracy scores are often 
taken. 

Proficiency in the latter type of task, where both speed 
and accuracy are variables, has recently come to be 
measured in terms of information theory. Where the in- 
formational input to the operator may be quantified in 
terms of “bits,” the efficiency of the human operator may 
be stated in terms of bits per second processed. While 
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it is common to find processing rates of between 3 and 
10 bits per sec, wide variations in capacity are found to 
depend upon the nature of the task and the length of 
practice of the operator. 

The primary source of difficulty lies in knowing the 
manner in which the operator perceives the stimulus in- 
formation; where he is able to synthesize discrete items 
of information into what have been called “chunks,” the 
information rate improves. Apparently, therefore, it is the 
perceptual ability to process the input information and 
to encode it into response terms which primarily deter- 
mines the achieved information rate. 

With the increasing involvement of man as an element 
in control systems (see also Section 5, “Man and the 
Control Process”), more sophisticated means of measur- 
ing and describing man’s behavior have been required. 
Man may be described in terms of transfer functions 
which describe his phase lag, error amplitude, and fre- 
quency-following capacity. 

These quantified descriptions of man’s skill are satis- 
factory when the response of the man must be committed 
to some form of overt mechanical action. However, serious 
difficulties arise when man’s correct—that is, skilled— 
response lies in omitting actions. Many forms of activities 
require the man to monitor information continually, but 
to respond only when deviation states exist. Such tasks 
require the man to make a series of skilled decisions, only 
some of which will lead to overt actions. 

While at the present time only a beginning has been 
made on this problem, it is clear that what is needed is 
an analytical description of decision making so that the 
task to be done may be analyzed in quantitative terms. 

Experimental attack on this problem has been made 
possible by the development of “secondary task” tech- 
niques. These techniques require the man to undertake 
some secondary task with a more or less continuous out- 
put (such as doing mental arithmetic); the load which 
the man can carry on the secondary task before errors 
creep in is an indicant of the load of the primary and 
mainly internal task. 

Good progress has been made, therefore, in develop- 
ing techniques and mathematical forms for the assessment 
of skill proficiency. However, the achievement of an 
objective quantized measure is seldom sufficient in itself, 
for it is necessary to know whether the measurement is 
reliable and valid. 


e Reliability—that is, consistency or repeatability of scores, 
may be measured by any one of a number of statistical tech 
niques; the most common techniques utilize some form of 
correlation measure in which the similarity of scores taken 
on different occasions is assessed. 


e Validity of measures poses a tougher problem, for we 
wish to ascertain whether the sources represent what they 
purport to represent. In some cases, the criterion against which 
the scores should be compared may be relatively obvious; the 
example of the pilot tracking down the ILS approach may 
be instanced, although even here it is not necessarily self- 
evident that the pilot who achieves the lowest error scores 
will always achieve the safest landing. In general, the more 
complex the skill, the more difficult it is to find the proper 
criteria against which to assess the validity of the objective 
measures. 


General and Theoretical Issues 


General Model. The basic model for skilled activity 
may be represented by the triad receptors-effectors- 
environment, as shown in Fig. 7-1. Notice that a closed- 
loop system is formed, the main loop having within it a 
secondary loop which feeds information concerning the 
activity of the effectors directly back to the receptors. 

This basic paradigm is similar to that found in servo 
applications. The major control loop determines the con- 
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Fig. 7-1—The closed-loop system representing the elements of 
skilled activity: receptors-effectors-environments. 


trol action on the external object, while the secondary 
loop serves to tighten the control action due to its mini- 
mum lag characteristics. 

While the closed-loop character of skillful behavior is 
its basic property, there is a tendency for behavior to 
develop open-loop characteristics as practice leads toward 
perfection. As the required actions become increasingly 
perfected, there is less need for feedback information. 
Previously we noted that ballistic movements tend to 
replace fixed movements (e.g., the typist will touch-type 
with practice). For these conditions, performance pro- 
ceeds rapidly since the checking and corrective feedback 
is in operation only intermittently and partially. As a 
consequence, however, there is a proneness to make errors 
which pass undetected. 

Receptor and Effector Functions. An observer of a 
skilled performance sees only the overt activity, and it is 
perhaps natural that he should conclude that the skill lies 
in the immediate control of the muscles. The fallacy of 
this interpretation is obvious when considering, let us 
say, the skill of a computer programmer; the skill lies 
only fractionally in his ability to manipulate the controls 
of a computer. It may not be so obvious, however, in 
other cases where the motor component of the activity is 
apparently more primary. 

The severest disruption in skilled behavior occurs when 
the sensory feedback of information is degraded. For ex- 
ample, the skill of speech (which requires the most in- 
tricate coordinated control of several muscular systems) 
is heavily dependent upon sensory feedback. Persons with 
congenital deafness find it very hard to learn to speak at 
all, and then never speak with the facility or range of 
expression of the normal person. 

In general, it is becoming increasingly clear that, the 
more complex the skill, the more it is dependent upon 
receptor function. Piloting an aircraft, for example, de- 
pends almost entirely upon the perceptual skill of interpret- 
ing the information on the instruments; even control of 
the joy-stick itself is much dependent upon its “feel”— 
namely, the resistive pressure stimulating the cutaneous 
(touch and pressure) and kinesthetic (movement) senses. 

Certain experiments suggest that a large part of the 
improvement in operation may be due to the individual’s 
becoming increasingly selective in the information which 
he utilizes in order to undertake the task. To use servo 
phraseology, the person has decreased his bandwidth—that 
is, he is handling less information, not only on the effector 
side, but also on the receptor side. 


The “Timing” Factor 


Skill depends upon obtaining the right succession of 
events which are components of the task. Skill has a 
temporary structure. The first essential of this temporal 
structure is that receptors should “lead” receptors; they 
should be “phase-advanced.” In psychological language, 
we say that the person anticipates the response, forms a 
“set” to respond in a particular way and, when the ap- 
propriate movement in time occurs, the set acts as a 
trigger to release the performed response. An example of 
this situation is illustrated in Fig. 7-2. 
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Fig. 7-2—A simple tracking task with (A) and without (B) 
advance information. 


Should the stimulus information be temporally restrained 
(as shown in the illustration) so that the person is pro- 
hibited from forming anticipations over a sufficiently long 
time period, performance suffers. (Driving a car in a thick 
fog so that the possible anticipatory span is much reduced 
is an everyday example of how performance will deteriorate 
under such conditions. We have already noted how a 
pilot learns to give himself anticipatory information by 
using derivative information. ) 

Sheer speed of response, in itself, is a trivial component 
in real-life skills; it is not how quickly one can respond, 
but whether one can respond at the right time. There are, 
of course, cases where sheer speed of response is im- 
portant. However, even in these cases, the antecedent 
conditions influence the speed of response. 

Anticipation is possible only with practice and acquaint- 
ance with the task. Initially, as each new component of 
the task comes up, the person tends to respond as quickly 
as he can and this results in a jerky performance. Further- 
more, the pattern of responses will be quite variable due 
to variations in reaction time on different occasions. With 
practice, however, and as skill grows, the pattern of 
responses takes on an even flow; the person is not hurried, 
and the originally long response times are closed up. The 
whole performance is smoothed out. This is not achieved 
by making each element of the task have a fixed time 
period, for studies have shown that quite wide variability 
will persist with respect to the time periods of any one 
element. Rather, it is a matter of the person’s giving him- 
self time, by means of anticipation, so that element vari- 
ation can be managed without interfering with the more 
general flow of events. 


&. Environmental Stress 


COMPLEX man-machine systems function within sets of 
limiting conditions which are determined by human as 
well as by equipment operating requirements. It is one of 
the responsibilities of human-factors engineering to ensure 
for the human elements in a given system a physical en- 
vironment permitting them to work in comfort, safety and 
efficiency. Since optimum artificial conditions cannot al- 
ways be provided, it is necessary to make the best possible 
prediction of the range of conditions that: 


a. will permit an acceptable level of performance 
b. can be tolerated for varying periods without risks of 
permanent injury. 


Environmental specifications for men in systems draw 
on the existing research data from a number of disciplines 
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The intimate structure of a skilled performance is then 
primarily a matter of temporal structure. There are two 
points of special significance in this temporal structure. 
These are: the appearance of gaps and the irretrievable 
nature of committed action. First, performance of skilled 
activities often shows halts or gaps; the individual appar- 
ently stops performing for a short time. Study of these 
halts has shown that they occur in critical phases of the 
task, when the individual must acquire a batch of new 
information. The difference between movement time and 
aiming time previously discussed is an example of this 
form of discontinuity; after completion of the major dis- 
placement movement, the process temporally hovers until 
sufficient information is acquired to take the final fine aim. 

Second, actions become committed and cannot, after 
some critical point in time, be successfully retrieved. After 
a certain point, any further information coming to the 
individual is either not acted upon or, if acted upon, leads 
to belated actions and introduction of error. 


The Discontinuous-Function Theory 


The two phenomena (appearance of gaps and the ir- 
retrievable nature of committed actions) are part of the 
evidence which has led to the theory of the “discontinu- 
ous functioning of the human operator.” It is beyond the 
scope of this chapter to undertake more than the briefest 
description of this theory; however, its current importance 
in engineering psychology precludes omitting any mention 
of it. 

The theory supposes that all controlled activity must 
be processed through some single central channel. The 
channel is unitary in character. (This unitariness is reflect- 
ed in our inability to attend in any significant sense to 
more than one thing at a time.) This channel has a 
limited capacity, so that only some certain amount of 
material can be processed in unit time; furthermore, it 
has a refractory feature which places a limit on the 
possible speed of succession of events. It is the limited 
capacity and refractory features which have been given 
the major role in explaining the discrete rather than con- 
tinuous behavior which is observed in the human operator. 

The limited-capacity feature is taken to explain why 
gaps appear in performance. When a heavy intake of 
information takes place, it can be processed only over a 
noticeable time period. The refractory feature is taken to 
explain, among other things, why processes which have 
evolved sufficiently cannot be amended, for, during the 
period when amendment might be possible, the channel 
is refractory. 

The elaboration and quantification of this theory, com- 
bined with the development of human transfer equations, 
provide great promise for the future understanding of 
human skill. 
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and, where necessary, are provided with supplementary 
data from direct experimentation on the problem: 


a. Anthropometry provides data which define ranges of 
spatial dimensions within which men can operate instruments 
and equipment without excessive strains. 

b. Psychology describes ranges of environmental variables 
beyond which men begin to perform a variety of tasks less 
skilfully. 

c. Physiology and medicine provide information on the dura- 
tion and extent to which conditions may depart from normal 
before bodily injury results. 

d. Human-factors research makes available data on the spe- 
cific effects of unusual environments on the human skills and 
abilities needed to operate technically advanced and complex 
equipment. 
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Five such human-factors research studies can be sum- 
marized here: 


1. Psychological experiments measurements were made 
of the effects of hot, humid atmospheres on the speed and 
accuracy with which young men performed a variety of 
simulated tasks of interest to the Navy. It was found that 
4 monotonous task simulating radar watching, a_ high- 
speed task of Morse code reception, a task of continuous- 
points alignment and a decoding type of task were all 
performed less efficiently in effective temperatures of 86 F 
or above than in effective temperatures of 81 F or below. 
Somewhere between 81 F and 86 F on the effective tem- 
perature scale the performance of all these tasks began 
to deteriorate. (44) These findings were confirmed later 
in a series of experiments in the tropics. (45) Some evi- 
dence was obtained also that warm, humid atmospheres 
were more detrimental to skilled performances than equal- 
ly warm but drier atmospheres. It was also observed that 
a man’s proficiency may sometimes be maintained for 
short periods at its normal level in a warm climate, pro- 
vided his incentive for the task can be increased sufficient- 
ly. (46) 


2. Experimental observations were made of the physio- 
logical responses of naval personnel doing varying levels 
of work over a wide range of hot climates. The initial 
series of experiments resulted in an empirical method 
for assessing or equating the thermal stress of different 
combinations of climatic factors in terms of their effect 
on rate of sweating. This new index was used to define 
upper tolerable levels of warmth for individuals working 
at different levels of energy expenditure and with different 
amounts of clothing. In experiments in the tropics, close 
agreement on the severity of differing hot environments 
was found between the sweat-rate index and the effective 
temperature scale—an index based on reported sensations 
of equal warmth. This result validated the use of the 
effective temperature scale as an index of the relative 
thermal stresses of different warm environments. (47) 


3. Three major lines of research have stemmed from 
the problem of operating and maintaining intricate equip- 
ment in arctic conditions: 


a. Physical studies have been stimulated to define the flow 
of heat through and from the surface of clothed and unclothed 
bodies to differing cold atmospheres with various speeds of 
air movement and humidity, and to develop simple indices 
of the relative severity of differing cold environments. (48) 

b. Physiological studies have been and are being made of 
circulatory and metabolic responses to varying lengths of ex- 
posure to cold, or changes in and between deep body tempera- 
ture and skin temperature, of the existence and nature of ac- 
climatization to cold, of the problems of hypothermia and 
resuscitation, and of local cold injury. (48) 

c. Psychological investigations have concentrated on the 
effects of cold on the performance of equipment-control and 
maintenance-type tasks. Positive findings of performance decre- 
ments in differing degrees of cold have been obtained for an 
assembly task, typing, displacement and pressure-control track- 
ing, a rotary pursuit task, finger-dexterity tests, strength of hand 
grip, and tests of tactile sensitivity. (49) Local cooling or 
heating of the hands with general cooling of the body have 
demonstrated that the impairment of manual performance in 
cold is a function of the temperature of the hands and not 
of the body’s general exposure to cold. (50) Other research 
has shown that repeated exposure to arctic cold through work 
outdoors and in experimental cold rooms results in an im- 
proved capability of manual performance. (5/) Outdoor 
workers and men who have had daily exposures to cold suffer 
less finger numbness than men unaccustomed to the cold. Some 
local acclimatization to cold does occur. 


4. Much research effort has centered on the physio- 
logical and psychological effects of lowered partial pressure 
of oxygen at high altitudes. Since there is no storage of 
oxygen in the body, marked effects on the nervous system 
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occur within minutes when the supply of oxygen is inter- 
rupted. The exact series of physiological adjustments to 
a reduction in the supply of oxygen that occur during 
flight have been shown to depend upon a large number 
of variables, such as rate of ascent, length of exposure, 
and the specific altitude reached. (52) 

The psychological effects closely parallel the physio- 
logical ones. A deterioration of the higher mental func- 
tions of judgment, memory and reasoning can occur to a 
marked degree even before the individual is aware of it. 
Sensory-motor control, auditory acuity and particularly 
visual acuity become increasingly impaired at the lowered 
oxygen pressures encountered above about 8000 ft. Lab- 
oratory and in-flight studies have consistently demonstrated 
these effects and provided the criteria for systems design 
and evaluation. (52) 

Many studies have also been directed toward reduction 
of the noise level inside aircraft. Prolonged exposure to 
high levels of noise has been found to result in temporary 
deafness and in feelings of excessive fatigue and irritability. 
(52) Noise control is important also for the efficient 
operation of aircraft. Carefully conducted laboratory stud- 
ies have shown that levels of noise above 90 db can also 
impair the performance of non-auditory tasks. A back- 
ground of loud noise appears to increase the occurrence 
of momentary lapses of attention, so that unpredictable 
but critical signals are more frequently missed. (53) Ex- 
tremely-high noise levels in certain industries and in the 
vicinity of jet and rocket engines have led to studies of 
the injurious effects of high-frequency noise and to the 
development of protective devices for individuals who 
must work in such environments. 


5. Current projects to “put a man in space” have fos- 
tered a whole new series of human-factor researches into 
the effects of novel conditions and of new ranges of pre- 
viously explored conditions. Man’s tolerance for unusual 
accelerations has recently been extensively re-examined 
in relation to the operational requirements for putting and 
recovering a manned vehicle in space. The posture of the 
man (already discussed in Section 6, “Human Vigilance”), 
the direction of the force acting on him, and the design 
of the equipment supporting and restraining his body all 
determine the limits of his tolerance. Selected men have 
tolerated three-stage rocket-like profiles of increases in 
velocity in the direction they were facing with peak ac- 
celerations of 8, 10 and 12 g. (54) At accelerations of 
8 g, men have successfully operated tracking controls 
requiring finger and wrist movements. 

Reduction in the gravitational force usually acting on 
man is also being investigated. Interest has centered on 
the possible effects of “state of weightlessness” on man’s 
ability to coordinate and control his movements and to 
maintain his balance and orientation. Experimentai ob- 
servations during flight maneuvers which produce a tem- 
porary condition of weightlessness show that men can 
still carry out simple eye-hand coordinations, can swallow 
liquids and solids (though with some difficulty), and can 
maintain their sense of orientation given a clear visual 
reference. (55) The use of magnetic-soled footwear to 
assist locomotion and orientation under weightless con- 
ditions is now being considered. (56) 

Environments can also create severe effects through 
absence of the usual sensory stimulations. In research 
programs closely related to “astronaut” studies, individuals 
have been isolated from all human contact, sounds, light 
and the opportunity for physical exercise. After only a 
few hours, most individuals begin to experience difficulty 
in concentrating on simple problems; perceptional distor- 
tions develop which lead eventually, in some cases, to 
hallucinations. All subjects who have endured severe sen- 
sory deprivations have developed strong feelings of malaise 
and a compelling desire to terminate the experiments. (57) 
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Variety, it appears, 1s something more than “the spice 
of life.” 

These examples of human-factors research illustrate 
some of the problems of the effect of the physical environ- 
ment on man and on his ability to perform skilfully as 
part of complex man-machine systems. The further man 


9. Human Interactions 


THE PRECEDING SECTIONS of this article have been con- 
cerned with the problem of how man performs certain 
kinds of tasks and, in some cases, how well he performs 
these tasks. Systems engineers and designers must be fully 
cognizant of these human functions. Without the skilful 
application of this knowledge to system design, no com- 
plex system could ever be maximally effective and some 
would be totally inoperable. Up to this point, however, we 
have been concerned primarily with the performance of 
individual operators and their interaction with machines. 
But rarely does one find a system that involves only one 
man. Thus, to insure adequate design, we must consider 
not only the machine-machine and man-machine inter- 
actions in a system, but we must also understand the 
man-man interactions of the system. In other words, how 
do groups of men perform within a system? 

Still another aspect of human interaction is directly 
attributable to an operator’s response to a form of social 
environment created by the sophistication and extent of 
our technological advances in automated equipment and 
systems. We can plan a system with the best-designed 
equipment, operator tasks and functions, operator com- 
munications and group structures, but if the men “won't” 
work or refuse to work at the desired level of perform- 
ance, we have lost the game. Many systems-design engi- 
neers have recognized this problem; others still fail to 
do so, primarily because the solutions are not as pat or 
precise as might be desired. 

The manner (that is, the attitude and level of perform- 
ance base) in which a man performs his control or mon- 
itoring-system tasks thus depends, in the final analysis, on 
his responses to his past and present involvement in his 
social environment. An understanding of the facts and 
processes defining the social environment is required if 
we are to predict the efficacy of a system and if we are 
to efficiently manipulate the men and machines compris- 
ing that system. 


Social Environment 


In a general sense, man’s social environment is the 
totality of all his experiences with people, himself, situ- 
ations and institutions, from birth through death. Further, 
the social environment is fluid, in that it is constantly un- 
dergoing modification. Fortunately, the process of modifi- 
cation is rather slow for large groups of people (e.g., 
national groups), making it possible for sociologists, sys- 
tems designers and human-factors engineers to predict the 
behavior of groups of people. 

The social environment has three primary effects on 
the men operating within its bounds: 


1. It determines what will motivate and inhibit a man. That 
is, it determines whether or not a man will express or inhibit 
motives of craftsmanship or privilege, charity or acquisitive- 
ness, aggressiveness or alertness. In other words, the social en- 
vironment will determine whether a man will “gold-brick,” 
be aggressive, be hostile, or be cooperative. 

2. The social environment determines how the expressions 
of man’s motivations shall be rewarded or punished. Simply. 
the social environment determines what is right and what is 
wrong. Further, it establishes the rewards and punishment for 
right and wrong through the bestowal or denial of status, 
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explores below and above the earth’s surface, the greater 
will be the need for equipment and systems designers to 
recognize the restrictions imposed on their creations by 
man’s limited tolerances for unusual and extreme con- 
ditions and by the effects of such conditions on mans 
ability to think and to act skilfully. 
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money, material and symbolic objects, admission to member 
ship, and ostracism. 

3. Through its directives of motivation and inhibition and 
through its bestowal of rewards and punishment, the social 
environment determines what man attends to, values, rejects 
or ignores. We should still remember that such things as learn- 
ing, temperament and personal preferences are important to 
the overall picture, but what a man learns, how well he learns 
it, and how he expresses his temperament and inherent abil- 
ities depend on his perception of his social environment—past, 
present and future. To summarize, the motivating and reward- 
ing characteristics of the social environment determine what 
a man does with his natural abilities and how well or poorly 
he performs. 


There are a number of processes or agencies from which 
man’s social environment stems. A detailed discussion is 
beyond the scope of this article, but the major categories 
can be briefly identified: 


a. the culture in which man lives 

b. the social groups with which man is associated 

c. the individual himself 

d. the institutional world in which man works and _ is 
governed. 


The rejationship of social environment to actual systems- 
design, human-factors considerations will be next dis- 
cussed. 


The Role of Human Interactions in 
Man-Machine Systems 


The effect of social environment on human interactions 
in two general kinds of systems will be examined: we 
might describe these systems as “conventional” and “ad- 
vanced.” 

e Conventional Systems. Conventional systems are char- 
acterized by groups of people who work in a common 
work space or a number of “common” work spaces where 
each person is responsible for some part of the entire 
operation—that is, production or system performance is 
a joint, and thereby a social effort. Further, the product 
can be perceived by the workers as being immediately 
useful and will be consumed in some way in the near 
future. We also find that the operators are continually 
active either in operating machines or working in parallel 
or series with machines. Thus, both men and machines 
are interdependent; most important, each man is neces- 
sary to the effective operation of the system. 

Men can obtain meaning and status from such working 
situations and be motivated to craftsmanship. In other 
words, conventional systems tend to “fit” the social envir- 
onment as we know it now. As a result, people can be 
motivated because the environment is similar to those 
in which they have been trained—they know what the 
rules of the game are, the rewards and punishments to be 
expected, what is right and wrong, and what to value. 
Hence, they will be motivated to perform within their 
perceptions of the social environment. We can character- 
ize conventional systems, in terms of operator functions, 
as “do-something” systems which have meaning to opera- 
tors in the light of their social environment. 

e Advanced Systems. Advanced systems are somewhat 
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different from conventional systems in terms of the work- 
ing environment. In these systems, instead of continually 
interacting with equipment, men are more and more 
becoming monitors. One might say that, so far as men 
are concerned, they are “do-nothing’” systems—until some- 
thing goes wrong. Further, instead of working in groups, 
men find themselves relatively or completely isolated from 
their fellow workers. 

Systems of this type put quite a strain on the man when 
he attempts to relate his working situation to the value 
directives of his social environment. In fact, the attitudes, 
values and working arrangements perceived as required 
for the mission of the system are often different from 
those appropriate to the social environment in which the 
operator grew up and from which he has learned to 
expect support and guidance. For example, the “do- 
nothing” characteristic of these systems is directly opposed 
to the sub-culture directive or belief in “work for work’s 
sake,” and therein lies a threat of inadequecy before 
members of one’s culture and the groups with which one 
has traditionally been associated. With regard to the iso- 
lation of personnel, we find the motivation to “look good” 
before one’s peers while they are still present is unful- 
filled, as are the associated social rewards. As a result, 
there may be insecurity and job dissatisfaction; conse- 
quently, there is a reduction in the motivation to do a 
good job. 

In short, advanced systems as described here—by re- 
quiring mission-oriented values, attitudes and working 
arrangements that are counter to those of the social en- 
vironment—contain the seeds of their eventual inadequacy. 
This is one of the major problems facing designers of 
advanced systems. Attention must be given either to the 
design of the human role in the systems or to modifying 
the social environment to meet the needs of the systems. 


Implications for Human Engineering 
and Systems Design 


e Conventional Systems. We have seen that convention- 
al systems tend to meet or mesh with the traditional 
requirements of the social environment for motivation, 
rewards and values, and thus we know why men perform 
as they do in these systems. From the point of view of 
design, there is little to do in terms of modifying the 
social environment. This implies that we might look else- 
where in the field of human interactions to improve human 
engineering and system designs. The area we should turn 
our attention to now is that of how groups of men ac- 
complish their tasks within a system. This is an important 
area of human interactions, since this is where we attempt 
to obtain peak performances in the man-man interaction, 
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Control System Analysis by 
Analog Simulation 


The physical behavior of a system (or the components used in a system) 


can be described by a set of integro-differential equations. By solving a 


set of simultaneous equations which are similar or “analogous” to those 


of the system, the analog computer can determine the system’s dynamic 


behavior. The computer thus simulates the system and provides for sav- 


ings in time and effort in arriving at a satisfactory design. 


W. E. SOLLECITO 

General Engineering Laboratory 
GENERAL Etectric Co. 
Schenectady, N. Y. 


THE ANALYSIS AND DESIGN of control systems can be broken 
down into three essential parts: problem definition, equa- 
tion solution, and solution evaluation. Problem definition is 
the initial uncovering of the need for certain control action, 
the grouping of a feasible array of equipment that shows 
promise of doing the job, and the application of technological 
sciences to represent the hardware in terms of equations 
and graphs. The equation solution is the solving of these 
equations under different conditions of operation. These 
solutions provide predictions of system behavior in response 
to prescribed input stimuli. The solution evaluation is then 
devoted to interpretation of the results, modification of 
equations where required, and translation of equation modi- 
fications back into hardware representations. The use of 
such analysis and design procedure increases the probability 
that the system, when constructed, will do the job specified 
with a minimum of experimentation, evaluation, and costly 
changes in equipment. 

It is in the area of equation solution that analog com- 
puters are invaluable. They not only shrink the time and 
effort involved in solving those equations which can be 
solved by written calculation, but they bring into the realm 
of feasibility a host of equation solutions which are, for 
practical purposes, unsolvable by written calculations. 

Paper analysis and analog computers complement one 
another in that a written paper study can be used to obtain 
a general “feel” for a problem and guide the way toward 
detailed study, while the computer is used to obtain com- 
plete solutions for many cases in point. Written calculations 
provide solutions which can be used to check the computer 
for proper operation. 

This article presents the fundamentals of the analog 
computer and shows that it is a powerful engineering tool 
which reduces the time and effort in obtaining solutions 
to control-systems design-engineering problems. 

Analogs. The fact that the physical behavior of physical 
elements can be described by mathematical equations means 
that the dynamic performance of a control system can be 
calculated. The solution of these equations provides a 
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means of predicting how a system will perform before any 
actual equipment is constructed. 

Different physical systems whose dynamic behavior can 
be described by similar or “analogous” equations are ana- 
logs of one another. For example, consider the mechanical 
and electrical systems shown in Fig. 1. The equations defin- 
ing the physical behavior of the two systems are: 


Ti = Bu, + i + K, f andl (1) 


5 | 1 . 
e: = Prin + Lt +a fisat (2) 


where, for the mechanical system, 


T, = torque 

B, = coefficient of viscous friction 

J, = moment of inertia 

K,= torsional spring constant of the shaft 


The electrical symbols are standard. 

Since the equations are identical in form, it is possible 
to say that, if e, is made proportional to 7,, i, proportional 
to w,, R, proportional to B,, L, proportional to J,, and 1/C, 
proportional to K,, the solution of Eq (2) provides the solu- 
tion to Eq (1). In other words, the solution of a mathe- 


Tu, 
J, —_ 


(a) = Bw, + \oP 


+ kK fuor 


a | 
(b) e,=Rirl a+ a Siar 
! 


Fig. 1— Analogous systems: (a) mechanical, (b) electrical. 
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Fig. 2— Analog and dual systems. 
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matical equation is independent of the physical meaning 
attached to each of the parameters in the equation. 

The opportunities afforded by the existence of analogs 
are pointed up in Fig. 1. If one were to build the mechanical 
systems by experimentation and evaluation procedures, many 
dampers, springs, and inertias would have to be constructed 
to study the many possible situations. Since it is relatively 
easy to obtain and interconnect different values of R,, L,, 
and C,, an experimental study of the electrical system is 
much simpler than an experimental study of the mechanical 
system. The experimentation and evaluation procedure can 
still be very useful in the complex, nonlinear systems often 
encountered today. The analog computer, however, provides 
a means of using the principles of this procedure without 
the attendant time-consuming and expensive hardware con- 
struction. In effect, simulated hardware is constructed on the 
computer. 

Figure 2 shows four analogous systems. When two of 
them are of the same type—that is, both electrical or both 
mechanical—they have been termed duals. The electronic 
computer is considered the analog of any system under study. 

Block Diagrams. A block diagram is a_ pictorial 
method of describing system interrelationships or writing 
systems equations. To illustrate the development of a block 
diagram, consider the mechanical system of Fig. 1(a) for 
which the equation of motion was given by Eq (1). Re- 
arrangement of Eq (1) yields 

dw 


Ji = 


at = Th — Bun - K, f wnat (3) 





Tus, Tu, 
7, -8,0,-K fo, at =, = AP 









Response 


Fig. 3 — Block diagram of mechanical system shown in Fig. 1(a). 
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The block diagram in Fig. 3 shows the closed-loop simula- 
tion or mathematical model for the solution of Eq (3). In 
Fig. 3, the complete equation is found at the output of 
the summing point, indicated as a circle. The output of 
the summing point, J,dw,/dt, is equal to the summation of 
all the inputs. Subsequent multiplication by 1/J, yields 
dw,/dt. Integration of dw,/dt yields w,. (In Laplace opera- 
tional calculus, the letter s is used to indicate taking a 
derivative of a variable with respect to time. The reciprocal, 
1/s, indicates integration.) Multiplication of », by B, in 
one feedback yields B,w,, while integration and multiplica- 
tion by K, in the other feedback yields K,{w,dt. These 
terms are returned to the summing point with the proper 
sign to generate J ,dw,/ dt. 

Inspection of this diagram reveals the requirement for 
three distinct operations: 


1. multiplication by a coefficient 
2. integration 


3. summation. 


The generation of these operations by electronic means 
forms the basis for electronic analog computation. 

Simulation of the Blocks. The heart of a d-c elec- 
tronic analog computer is a high-gain d-c amplifier, shown 
in symbolic form in Fig. 4. In its simplest form, it would 
be a grid-controlled vacuum tube. By introducing feed- 
back and by the proper choice of input and feedback im- 
pedances, certain mathematical operations can be generated. 

Consider the arrangement shown in Fig. 5: the input 
voltage, e;, is supplied by a voltage source. The output 
voltage, e,, is supplied by a high-impedance load. Due to 
the very nature of a feedback circuit of this kind, in which 
the gain is very high, it can be assumed that the grid 
voltage necessary to produce any output voltage, e,, within 
the voltage limitations of the amplifier is negligibly small. 
Therefore, e, can be considered to be zero. Because the 
input impedance is very high, it will be assumed that the 
amplifier grid current, i,, is also zero. These assumptions 
simplify the analysis without introducing appreciable error 
for the common application. The error terms neglected here 
are inversely proportional to amplifier gain. 

Summation of currents at the amplifier input node yields 
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iti =4=9 


In terms of voltages, this equation becomes 


For e, = 0, this becomes: 
e = 5 (6) 


Equation (6) shows that the output voltage is equal to 
minus the ratio of feedback impedance to input impedance 
times the input voltage. If the impedances are taken as 
pure resistors (i.e., Z; == R,; and Z,; = R,), then 


R; 
a Se 


ei 


It is now apparent that the ratio of R, to R; can be a 
number which corresponds to a circuit parameter such 
as B,, K,, etc. of Figs. 1 and 2. Therefore, an operational 
amplifier with pure resistive input and feedback impedances 
generates the operation of multiplication by a coefficient 
as shown in Fig. 6(a). A phase inversion is also generated. 
The negative sign is achieved by using an amplifier with 
a negative gain. 

Where the feedback element is a capacitor, the feedback 
impedance is 


ee 
Zs — Cys (8) 


When the feedback element is a capacitor and the input 
element is a resistor, the relationship generated becomes: 


aoe Z; oe 1/Cys : oe , 
= Fa = Rijs“ ©) 


Qg= 
es 


The operation is that of integration and multiplication by 
a constant, as shown in Fig. 6(b). The coefficient is inversely 
proportional to the product of R; and C,. 

For the summation operation, consider Fig. 7. Summation 
of currents at the amplifier input node yields: 


ht+bh+ih + ly = lg = 0 (10) 
In terms of voltages, this becomes 


a 
R, 


e2 


pas ase 
R: 


+—-=0 


TR TR TR; 


Multiplying by R, and transposing, 
eS Me Me ] 
eo = [ R,” + Rs” + Ry (12) 


Equation (12) shows that the output voltage is equal to 
minus the sum of the input voltages, each input voltage 
being multiplied by the ratio of feedback resistance to each 
respective input resistance. 

It should be noted that only resistors and capacitors were 
used to generate the required operations. It is fortunate that 
inductors are not necessary, because these elements exhibit 
nonlinear characteristics when magnetic core materials are 
used to obtain the required range of inductance. 

The computer setup for the mechanical system shown in 
block diagram form in Fig. 3 is shown in Fig. 8. Amplifier 
No. 1 is the summing device whose output is 


hi - Ba & f adf) = — jG (13) 
The input impedance to amplifier No. 2 is J, to achieve the 
effect of dividing by J,. The feedback impedance for ampli- 
fier No. 2 is a capacitor, so that the input is integrated to 
become simply @,. (In this example, the effective values 


of the impedances other than those given definite values 
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Fig. 4— Symbol for high-gain operational amplifier. 


Fig. 5 — Operational amplifier with input and feedback im- 
pedances. 
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Fig. 6 — Two kinds of operation: (a) multiplication by a con- 
stant, and (b) integration. 
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Fig. 7— Summation operation. 
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Fig. 8 — Computer setup to simulate system shown in Fig. 1(a). 
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Fig. 9— Computer record of setup shown in Fig. 8 with input 
of unit step torque. 





are assumed to be 1, to simplify the explanation.) The out- 
put, ,, is multiplied by B, in amplifier No. 3 and integrated 
and multiplied by K, in amplifier No. 4 to obtain the 
necessary feedback terms to solve Eq (13). 

Oscillographic presentations of the voltages representing 
the input torque and output angular positions for a step 
input are shown in Fig. 9. The angular position, which is 
the integral of w,, can be recorded at the output of amplifier 
No. 4. For a sinusoida] input, the input and output are 
shown in Fig. 10. The curves shown in Figs. 9 and 10 can 
be used to determine whether or not the system has the 
proper performance characteristics (such as stability). 

Transfer-Function Method of Simulation. In 
generating the simple operations of multiplication by a 
coefficient, integration and summation, simple impedance 
structures for Z; and Z, were used. If more complex transfer 
impedances are considered, a greater part of the questions 
can be simulated with a single operational amplifier. 

For purposes of illustration, consider again the mechanical 
system of Fig. 1. If the spring function is removed, K, = 0 
and Eq (1) becomes 


dw, 


T; = Bw, + A- di (14) 


In terms of the Laplace transform, this becomes: 
T; = (B, T Js) @) (15) 


which can be rewritten 


: 1/B, 
Le lors B,) 71 Ms (16) 


The bracketed coefficient of T, in Eq (16) is called the 
transfer function which relates output , to input 7,. It is 
possible to simulate this transfer function and many others 
by simple combinations of resistors and capacitors. Equa- 





Ry= 1/8, 





Fig. 11 — Generation of a simple lag transfer function. 
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Fig. 10 — Computer record of setup shown in Fig. 8 with steady- 
state sinusoidal input. 


tion (16) can be generated using the electrical analog 
shown in Fig. 11. The impedance of the parallel resistor- 
capacitor network in the feedback is given by 


re. 1/B,__ 
(RyCys +1) Wis/B) +1 


Substituting Eq (17) into Eq (16) and with Z; = R; = 1, 
it can be seen that Eq (16) results. Numerous transfer im- 
pedances are available for reference.* 

Simulation of Nonlinearities. In all practical 
systems, nonlinearities exist in one form or another. For 
example, linear analysis assumes that the variables in the 
system can take on infinite values if required. This is an 
impractical requirement. When signals exceed their satura- 
tion levels, the output cannot be calculated from an analysis 
of the input and the linear transfer function. 

Systems with nonlinearities may produce a variety of 
effects in the output: the output may contain frequencies 
not present in the input, an incremental increase in the 
input may not produce a corresponding increase in the out- 
put, or the stability of the system may depend on the exci- 
tation or initial conditions in the system. Physical conditions 
which contribute to the nonlinearity of a system include 
backlash in gears, friction on moving objects, hysteresis in 
magnetic devices, and saturation of output levels. The de- 
sirability of using analog computers is made more important 
by the fact that the analysis of nonlinear systems is often 
very difficult and time-consuming. The relative ease with 
which nonlinear systems can be simulated allows analysis 
and design calculations which would otherwise be practically 
impossible. 


Z; = (17) 


* See Electronics, April 1952 or Servomechanisms and Regulating System Design, 
Chestnut and Mayer, Vol. I, second edition, John Wiley & Sons, New York, 1959. 
One chapter of the Chestnut and Mayer book deals specifically with analog 
computers and was written by the author of this article: the article is based on 
parts of that chapter. 
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Fig. 12 — Basic feedback control system. 
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Fig. 13 —Partial hardware/partial computer simulation tech- 
nique. 


The majority of nonlinear characteristics encountered 
in practice exhibits signal-amplitude dependency. This type 
of nonlinearity is one in which the output depends only on 
the magnitude of the input and is independent of how fast 
the input is changing. Examples of this are the common 
saturation and dead-space characteristics. 

To simulate these nonlinearities, a biased diode is used. 
For low levels of input voltage, the biased diode is non- 
conducting and may be considered as an open switch. When 
the applied voltage exceeds the bias voltage, the diode con- 
ducts and the switch effectively closes. This opening and 
closing of a switch permits generation‘ of nonlinear char- 
acteristics by effectively inserting and removing impedances 
in the input and feedback networks.* 

Current Control-System Simulation Studies. 
Although the classical nonlinear, continuous-signal type of 
system simulation still constitutes the major type of study 
performed on the analog computer today, simulation tech- 
niques are finding increased usage in the newer areas of: 


a. sampled data systems 

b. predictive control systems 
c. adaptive control systems 
d. analog-digital systems. 


A survey of current literature shows that these types of 
systems would present serious analysis and design problems 
if computers were not available. 

Methods of Application of Analog Computers. 
A feedback control system is essentially composed of three 
parts, as shown in Fig. 12. These are: (1) the controlled 
system or process, (2) the measurement devices, and (3) 
the control elements. 

The controlled system or process contains the power or 
production element of the system. The control is needed 
to apply the power more efficiently or to produce a better 
product. The measurement devices are necessary to supply 
an indication of what the controlled output is doing. The 
control elements act upon the difference between the refer- 
ence command and the controlled output and perform the 
amplification and compensation functions in order to supply 
the proper actuating signals to the power element. Large, 
complex systems have many interconnected loops, and 
basically these loops can be reduced to the one shown in 
Fig. 12. 

In the proposal or preconstruction stage of a system, the 
analog computer can be used to simulate all parts of the 
system. This kind of study indicates system feasibility and 
possible optimum system design. It helps to establish the 
requirements for the control elements. 

Once the requirements of the control elements and the 
measurement devices are established, it is usually possible 
for the prototypes of these equipments to be made avail- 
able before the controlled system or process is in place. 


* Some commonly encountered nonlinear simulations may be found in Electronic 


Analog Computers, Korn and Korn, McGraw-Hill Book Co., Inc., New York, 1956. 
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Fig. 14— Simulation using actual controlled system with con- 
trolling elements simulated on a computer. 


With these control elements and measurement devices in 
hand, the system simulation can take on the form shown 
in Fig. 13. The actual control elements and measurement 
devices are used, whereas the controlled system or process 
is simulated on the computer. Transducers, which convert 
one physical variable or dimension to another physical 
variable or dimension, are required to convert system vari- 
ables to the analog computer voltages, and vice versa. These 
transducers must supply the appropriate power levels, be- 
cause computer signals are of relatively low power. For 
example, if a computer voltage represents a valve position 
which controls the fuel flow to a jet engine, a voltage-to- 
position transducer is required. 

The simulation procedure is useful in checking the control- 
element design. Further, the same sort of arrangement can 
serve as a quality check on production units of the control 
elements if the controlled system or process is expensive 
or difficult to obtain. 

The procedures described above can be reversed. When 
the controlled system or process becomes available, it can 
either be incorporated directly with the rest of the actual 
system or tested with simulated controls. When the latter 
approach is used, the test can be conducted as shown in 
Fig. 14. This simulation approach can serve as a useful 
way of developing or checking the controller design. It 
has the advantage of using the actual controlled system 
characteristic, which is usually the one in which the most 
approximations are made. This simulation technique is also 
valuable in that there are usually many variables in the 
controlled system that can be used for control. Because of 
noise generation and non-linear system behavior, some of 
the variables are more useful in control than others. The 
simulation technique shown in Fig. 14 is very close to the 
final actual system in that the portion of the system which 
is least predictable is incorporated in its final form and 
that portion which is simulated can more readily be con- 
structed to behave as designed. 

Although the analog computer removes much of the labor 
in making prescribed calculations, it should be apparent 
that a computer cannot be substituted for good engineering 
judgment. The computer is a valuable tool which lessens 
an engineer’s work load and leaves him free to do more 
and better engineering in the various stages of control- 
systems production. 

Because of space limitations, the treatment of analog 
computers here has been necessarily limited. For a com- 
plete treatment of such machines, reference can be made to: 
Servomechanisms and Regulating System Design, Chestnut 
and Mayer, Vol. I, second edition, John Wiley & Sons, 1959; 
and Electronic Analog Computers, Korn and Korn, McGraw- 
Hill Book Co., Inc., 1956. Oooo 
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The Design Analysis of Materials 





What is the intrinsic design value of a material? What is the ratio of 


unit cost to unit performance output? What properties do shape, form 


and configuration confer? What is the effect of fabrication conditions 


and methods? What external influences (such as availability of exper- 


imental materials) have to be considered? These and other interrelated 


aspects of the complex business of design analysis of materials are ex- 


amined in this review. 


ALEX. E. JAVITZ, Special Features Editor, and HAROLD E. BARKAN, Associate Editor 


Principles and Basic Approach 


IN ITS SIMPLEST FORM, the specification of materials for 
stated applications is the matching of available property 
data (also cost figures) against performance require- 
ments. This approach may prove to be reasonably 
satisfactory in most instances of routine design; at the 
very best, it will provide a working compromise. It is 
a palpably inadequate procedure where equipment or 
systems design parameters and ultimate operational 
environments impose severe and unusual demands on 
the materials. In such circumstances, the act of specifi- 
cation in itself must be considered only as an endpoint, 
and must be preceded by a thoroughly articulated design 
analysis of candidate materials. 

The responsibility for such an analysis falls on the 
equipment and systems engineers. Working with materi- 
als and component-part specialists, these engineers must 
examine the intrinsic values of materials from every 
pertinent aspect. The major factors can be grouped as 
follows: 


1. Inherent factors 
a. available properties in commercial materials 
b. available properties in “custom-made” materials 
2. Conferred factors 
a. properties conferred during processing of materials 
b. properties conferred or changed by fabrication 
methods or environments 
c. properties conferred by shape, form or configuration 
of materials 
3. Economic factors 
a. unit costs 
b. production costs 
c. quality-control costs 
1. External factors 
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a. influence of current research in terms of experi- 
mental materials available for investigation 

b. influence of existing practices in providing materi- 
als of suitable purity, uniformity and reproducibility 

c. influence (positive as well as negative) of existing 
test and measurement standards. 


The design analysis is thus obviously a complex and 
exacting matter. The factors enumerated here are both 
interrelated and interdependent. Frequently, they are in 
conflict with each other. Since the frame of reference 
for a given application problem is seldom precisely the 
same as for other problems, no short cuts to design 
analysis can be justified. More often than not, the end 
result will be a compromise, but it will be a compromise 
reached only after every possible factor has been probed, 
analyzed and weighed off against other factors. 

In fact, the design analysis of materials may well be 
the crux of our most pressing problem—reliability of 
equipment and systems performance.* The reliability 
objective that a system “will perform its function within 
specified requirements for a specified period of time” 
can be met only if the system materials can be selected 
with due knowledge and analysis of all application 
factors, performance values, field failure rates and other 
pertinent facts. 

It would be desirable, of course, if the principles of 
design analysis of materials that have been stated here 
somewhat briefly could be expanded into a formal 
methodology. For the present, however, we will show 
how these principles can be put into practice by means 
of selected examples. This article, therefore, will present 


*See “The Word is RELIABILITY,” p 94, this issue. 
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an examination of design analysis of materials as follows: 

Part 1 will relate design analysis factors to (a) specific 
classes of materials, such as electrical contact materials, 
adhesives, wire and cable insulation, and lubricants; (b) 
to certain environmental conditions and effects such as 
corrosion; and (c) to certain examples of re-design 
(primarily from the standpoint of cost economy con- 
sistent with intrinsic performance value). Most of the 
examples given are marked by a constant interaction 
between various design factors. For example, in the 
section dealing with pressure-sensitive electrical tapes, 
the analysis deals with the properties conferred by the 


Part 1 — Principles of Design Analysis of 
Materials Applied to Classes of Materials; In- 
herent Characteristics; Effects of Form and Con- 
figuration; Environmental Problems; Cost vs In- 


trinsic Performance Values. 


Electrical Contact Materials 


The noble metals are an obvious choice for electrical 
contact materials because of their electrical and physical 
properties. The higher costs of these metals are often offset 
by their superior reliability in design. However, the trend 
has been to reduce costs and improve design for operation 
by alloying with other materials. 

In very-low-current devices such as dry circuits, contact 
pressures are usually quite low. Here a material is needed 
that will make a positive circuit under the low forces used. 
Gold is a good material because of its resistance to tarnish, 
but is sensitive to the low forces. Since gold is costly and 
quite soft, alloying the gold with silver and/or nickel can 
help solve these two problems. 

Platinum is another material used extensively, but it is 
also soft in the pure state. Alloying platinum with iridium 
or ruthenium creates a material with greater hardness, the 
extent increasing with the amount of iridium or ruthenium 
added. 

Cadmium is added to silver to create a material that is 
more resistant to “sticking” than pure silver in various 
applications such as industrial controls and line starters. 
Also used in similar applications is an intimate mixture of 
silver and nonmetallic cadmium oxide made by powder- 
metallurgy methods. 

For the highest-current-rated circuit breakers, combi- 
nations of tungsten, molybdenum or their carbides combined 
with silver or copper are used extensively. The refractory 
metal provides resistance to arcing while the silver or copper 
provides the current-carrying capability needed in these 
large devices. Variations in combinations of arc resistance 
and conductivity may be accommodated by varying the ratio 
of refractory metal to copper or silver. 

Economics may play an important role in the selection of 
a contact material. For instance, pure silver is used ex- 
tensively, but is quite costly. Silver alloyed with copper, 
up to as much as 30 per cent. decreases the cost substantially 
with only a slight decrease in contact performance. 

Most contact materials are in the medium-to-high basic- 
cost range. Consequently, it is desirable to fabricate the 
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configuration of the tapes, the economy of application 
methods, and the performance value derived from the 
inherent characteristics of the tapes. A section on powder- 
metallurgy parts also involves form, economics and per- 
formance. 

In Part 2, the emphasis shifts to an examination of 
general considerations that affect design analysis of 
materials. Sections will deal with such factors as the 
influence of purity of materials, the aspect of research 
potentials, the effects of fabrication on properties, and 
the limitations imposed (as well as opportunities pre- 
sented) by existing test and measurement methods. 


desired part with a minimum of material waste. Powder 
metallurgy is used to achieve this in many cases, and also 
permits combining materials (such as tungsten and silver) 
that are not compatible by conventional melting and casting 
techniques. Also, in many cases, unusual contours can be 
molded from the metal powders, thus avoiding costly materi- 
als and machining operations. (1)* 

In other cases, the contact material is attached to a less- 
costly backing material by brazing or welding. The resulting 
part not only achieves economy, but is easier to assemble. 


Low-Temperature Strengths of Metal Adhesives 


Structural adhesives for metals are expected to play an 
important weicht- and space-saving function in the con- 
struction of missile and rocket systems that will be required 
to withstand a wide range of environmental conditions. 
These materials, having properties such as resilience, re- 
sistance to galvanic corrosion, and high strength-to-weight 
ratios, are particularly suitable for the assembly of the 
metal components used in space vehicles. 

The National Bureau of Standards Boulder Laboratories 
recently investigated the low-temperature characteristics of 
four types of structural adhesives for the Wright Air De- 
velopment Division. Tensile tests were conducted at tempera- 
tures ranging down to —424 F with a filled epoxide, three 
rubber-phenolic, four vinyl-phenolic and two epoxy-phenolic 
compounds. The epoxy-phenolics, both having a glass-fiber 
supporting film, gave the best performance. The epoxides 
exhibited slightly less low-temperature strength, but faulty 
bonding apparently contributed to this behavior. The average 
ultimate strengths of the four types of adhesives at —-424 F 
were: rubber-phenolic, 1065 psi; epoxy-phenolic, 3120 psi; 
vinyl phenolic, 1650 psi; and filled epoxide, 2345 psi. 


Stainless Steel 


The interest in stainless steel has been in its use as a 
strong structural material with high corrosion resistance 
in many environments and conditions of equipment oper- 
ation. (2) 

The use of stainless steel in an epoxy-cast motor illus- 
trates savings in costs over a long period by providing 
increased protection against corrosion. (3) Although the 
initial cost is the same as a normal epoxy-encapsulated 
motor, the life of the unit is increased and maintenance is 
decreased. 

The procedure used in this motor encapsulation employs 
a 0.002-in. thick stainless-steel foil as the mold for a casting 


* Italic numerals in parentheses refer to credits under Acknowledgments at end 
of article. 
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Analysis of Plastics Laminate Properties 


Note: Up-grading one property in the specification 
of a material may often result in the degradation of 
one or more of the other properties. This is par- 
ticularly the case with composite materials, such as 
plastics laminates. Here are some of the properties 
which are in conflict with each other: 


1. Electric strength and mechanical strength—High 
electrical values are usually achieved by increasing 
the resin content of the laminated plastic; high me- 
chanical strength by increasing the percentage of base 
material. 

2. Dimensional stability and electrical insulation. 

3. Mechanical strength and machinability—In cloth- 
base laminate gear blanks, NEMA Grade C (with 
comparatively coarse canvas reinforcement) has the 
greatest strength, while other grades with finer cloth— 
such as CEF, L and LE—have better machinability, 
making it possible to produce finer and more accurate 
teeth with a lower noise level. 

4. Flame retardance and impact strength—Flame- 
retardant laminates also cost about 10 per cent more 
than comparable grades without flame-retardant addi- 
tives. 

5. Flushability vs distortion-resistance (in copper- 
clad laminates)—Flushable grades are softer than 
other grades, hence have more tendency to distort 
when subjected to high-temperature soldering baths. 

6. Punchability and electrical resistance—Cloth-base 
laminates are generally more punchable than paper- 
base grades but have less electrical resistance. The 
cloth-base laminates cost more initially, but finished 
parts may be cheaper because punching costs less than 
drilling and reaming. 





Source: Laminated Plastics Selection Guide, Taylor Fibre Company. 





of epoxy resin. Thus, the unit being protected is embedded 
within the resin which provides mechanical support while 
the stainless-steel foil, which remains as a permanent part 
of the assembly, imparts high corrosion protection. The 
encapsulated motor then functions as a canned motor. 
Since nonmagnetic stainless steel is used, it does not 
disturb the magnetic flux evolved during operation of the 
motor. Further, the metal is spaced from the windings by a 
layer of glass cloth in addition to the epoxy resin itself, 
thus providing added insulation protection. In this way the 
stainless-steel sheath can be positioned within a few mils of 
the current-bearing copper without danger of a short circuit. 


The inherent properties of magnesium offer many ad- 
vantages to the designer who is aware of the need for 
reduced weight and who is willing to exert some effort to 
overcome the shortcomings of the metal. No other metal 
can match the weight advantage of magnesium. The metal 
weighs one-fifth as much as brass and copper, one-quarter 
as much as steel, and only two-thirds as much as aluminum. 
It is readily machined, has high strength-to-weight and ri- 
gidity-to-weight ratios, and exhibits superior damping 
properties. On the debit side is the need for additional care 
in formulating a design and in specifying a finishing system 
to avoid the effects of possible galvanic corrosion. However, 
when weight is a factor, the extra effort and expense involved 
are usually justified. 

Examples of the use of magnesium in electronic appli- 
cations are found in radar antennas and antenna supports, 
waveguides, chassis panels, duct covers, guidance-unit shells 
and internal supports, gear boxes, electric-drive motor 
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frames, pressurized cases and containers, battery cases and 
covers, missile inertial platforms, and computer drums and 
housings. (4) 

Although the modulus of elasticity of magnesium is only 
65 per cent that of aluminum and 22 per cent that of steel, 
slight increases in thickness substantially increase stiffness. 
On an equal weight-to-weight basis, the stiffness of magnesi- 
um is eight times that of aluminum and 19 times that of 
steel. Such a combination of light weight and stiffness is of 
great importance whenever inertia is a problem (e.g., in 
antenna systems). 


Corrosion 


The destructive effects of corrosion present a problem 
so obvious and pressing that it frequently overshadows other 
important factors in metal selection.(5) It is well known 
that the initial cost of a piece of metallic equipment does 
not tell the whole story. The initial outlay actually includes 
the cost of the metal plus the expense of fabrication and a 
number of additional labor charges in various forms. These 
additional factors represent replacement costs if failure 
ensues, shutdown expenses for repair, and the economic 
damage occasioned by related shutdown of other parts of 
the system. Therefore, corrosion becomes a luxury that few 
operations can afford. 

The economics effected by the use of corrosion-resistant 
metals and alloys are often not readily apparent, because 
in any specific new application the higher first cost is 
obvious, while the longer life to be expected from more 
expensive materials still needs to be demonstrated by time 
and experience. A formula has been derived to act as a 
guide to assist a designer in deciding whether a real 
economy can be effected by the use of a more costly alloy 
or protective coating.(6) This expression may be shown 


as follows: 
AT L AC 
100 T (1 +4) — 100 


Cc 
where 
T = life in years 
L = labor costs for replacement 
C = cost of materials 


AC = increase in cost using new material or protective 
coating having increase in life AT 


AT : _ 
100 7 = per cent increase in life 
AC , : : 
100 _ per cent increase in materials cost 


If this expression is greater than zero, the substitution 
saves money, the amount of which (per year) can be ob- 
tained by multiplying the expression by 

C 
100(T + AT) 

Protection against corrosion must begin in the earliest 
stages of design, primarily in the selection of materials. 
Once the economic factors have been considered and weighed, 
the most corrosion-resistant materials meeting the basic re- 
quirements of strength, weight and other physical and 
mechanical properties should be selected. 


Copper Bonding 


In a new procedure (7), two or more copper components 
can be joined together with a homogeneous bond which is 
as strong as or stronger than the base metal. A special 
coating on the metal surface diffuses into the parts to be 
joined and under proper conditions produces a bond with- 
out an interface. Joints made in this manner retain virtually 
all of the high electrical and thermal conductivity of copper. 
Tests on diffusion-bonded joints have shown them to be 
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markedly superior to soft-soldered joints in respect to ten- 
sile, shear and fatigue properties. Corrosion resistance in 
many media is also expected to be appreciably higher. 
The new technique provides substantial savings in some 
applications where costly joining materials have heretofore 
been used. For example, major elements of advanced elec- 
tronics equipment for radar, missiles and space satellites 
incorporate complex assemblies of copper which cannot be 
made properly with common low-cost joining techniques. It 
is anticipated that this diffusion-bonding process will be 
particularly useful in applications of this type where joints 
must be vacuum tight, free of high-vapor-pressure constitu- 
ents and capable of operating at elevated temperatures. 


Titanium—Cryogenics and Economics 


In the past, one of the largest blocks to the rapid accept- 
ance of titanium for structural and electrical usage has 
been its high cost. With the advent of low-cost sintered 
titanium parts, this block has been eliminated to a great 
degree (Fig. 1). The economic savings associated with 
powder-metallurgy processing are now available in titanium, 
with all the unique properties of the metal being retained 
in the final component. Generally, savings can be realized 
from low-cost raw material, efficient raw-material utilization, 
low conversion cost of the raw material to a finished com- 
ponent, and elimination of costly scrap losses and machining 
operations. Sintered titanium parts exhibit the highest usable 
strength of any material made by powder metallurgy—i.e., 
yield strengths up to 128,000 psi. Other desirable properties 
include a high strength/weight ratio, low coefficient of 
thermal expansion, high corrosion resistance, a relatively 
flat electrical resistivity over a broad range of temperatures, 
a lower grid emission than most other metals, and the 
ability to absorb undesirable gases in a vacuum. 

Titanium and its alloys, because of their high strength- 
to-density ratios and high resistance to corrosion, are also 
promising materials for many cryogenic applications in 
aircraft and missile-systems components.* In order to under- 
stand rheological behavior, it is necessary to know how 
titanium and its alloys react at low temperatures under 
both uniaxial and multiaxial tensions. 

Several investigations were conducted at temperatures 
down to —196 C to evaluate the combined influence of prior 
strain-temperature history and notch geometry on the ten- 
sile behavior of commercially pure titanium and a titanium 
alloy containing aluminum and manganese. Notch geometry 
is significant because brittle failures at low temperatures 
are often associated with the presence of a notch, either 
as a design feature or as a defect. Measurements of strength 
and ductility characteristics disclosed that strength indices 
—resistance to flow, notch strength, true stress at maximum 
load, and fracture stress—are in general increased, and 
tensile ductility is decreased, by increasing the notch depth 
or by lowering the temperature. 

Analysis of the data indicates that these metals are ex- 
tremely notch-sensitive, particularly at low temperatures. The 
decrease in ductility with increase in depth and sharpness 
of notch is attributed not only to the initial stress concen- 
tration and accompanying severe strain-hardening of the 
metal at the root of the notch, but also to the triaxial stress 
system induced by the notch. In general, the embrittling 
effect associated with the stress concentration was some- 
what greater than that caused by triaxiality of the stress 
system. The results emphasize the importance of taking 
special care to eliminate notches. If they are unavoidable, 
their embrittling effect should be minimized by designing 
notches with the largest possible root radius. 


Solid Lubrication 


Boundary friction and wear, major causes of inefficient 


* An extensive report on the behavior of various metals and nonmetals under 
cryogenic environments will appear in a later issue of E.ectro-TecnNo.ocy. 
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Fig. 1 — Design of titanium piece by powder-metallurgy proce- 
dures. A production run of 10,000 units would institute savings 
of $0.62 per unit over 316 stainless-steel bar stock machined by 
conventional methods. Also, internal inertia of the device is 
decreased because of a 50 per cent reduction in weight. Resist- 
ance to corrosion is enhanced and strength-to-weight ratio is 
increased, (Source: Clevite Corporation.) 


and uneconomical operation of systems and components, 
may be corrected in the design stage. Lubrication of wear- 
ing surfaces by various means is the most practical way 
to cut down losses of this type. Where high temperature, 
space considerations, and nuclear radiation are factors in 
design, the use of solid lubricants presents one approach 
to the solution of the problem. 

One of the current forms of solid lubricants of interest to 
designers is a combination of molybdenum disulfide (MoS, ) 
and phosphate coating.(8) This bonded dry-film lubrication 
permits designers to specify life-of-the-part pre-lubrication 
as a primary specification in the following circumstances: 
(1) where parts are inaccessible after assembly (as in locks 
or flexible shafts); (2) where machine design would bene- 
fit from eliminating oil cups, passages and reservoirs; (3) 
where slow motions and/or extreme bearing pressures miti- 
gate against liquid lubricants (knuckles and joints in heavy 
machinery); (4) where dust would cause damage or mal- 
function by collecting in tacky greases; (5) where nuclear 
radiation would decompose other lubricants; and (6) where 
ambient or frictional temperatures exceed the durability 
limits of liquid lubricants. 

Dry lubricants can be incorporated homogeneously 
throughout the material as an ingredient, as in powder- 
metallurgy parts, molded plastics and carbon compacts. 
New fluorocarbon and nylon materials with MoS, loadings 
are being used to increase service life of component parts. 
Press fittings may be much more widely specified by de- 
signers today because of solid lubricants. Heretofore, metal 
pickup during press fitting was almost impossible to avoid. 
Consequent distortion of parts often violated out-of-round 
and axial-position tolerances—most commonly during the 
fitting of sleeve bearings. 


Powder-Metallurgy Parts 


The economic advantages of powder-metallurgy techniques 
may be seen in design properties and in production. The 
former is illustrated by close control of tolerances, control 
of density and weight, long life through high wear resistance 
and self lubrication. In production, costs are reduced through 
mass-production procedures, fewer fabricating operations, 
little or no scrap loss, and a minimum of machining and 
finishing. (1) 

The value of powder-metallurgy techniques may also be 
seen in the combination of materials which ordinarily do not 
form solid solutions or intermetallic compounds, although 
it might still be desirable to combine these metals to obtain 
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a material which retains the chief characteristics of the 
component metals. The combination of tungsten and copper, 
for example, is highly desirable for certain electrical pur- 
poses; the two metals, however, do not interdiffuse. Tungs- 
ten is interesting because of its high wear resistance and 
copper because of its high electrical conductance. Mixing 
tungsten and copper powders, and compacting and sintering 
them, results in a so-called compound material in which 
the tungsten and copper particles are bonded together by 
interlocking and by mechanical forces such as adhesion. A 
combination material of this type retains some of the charac- 
teristics of both tungsten and copper and is excellent for 
electrical contact purposes, where both good electrical con- 
ductivity and wear resistance are desirable. 


Porcelain-Enamel Electrical Insulation 


During the development of a 600 C transformer, the need 
for insulating a stainless-steel coil bobbin arose. Although 
many porcelain enamels are available for steel, none 
possessed the necesssary combination of physical and elec- 
trical properties over the entire temperature range from 

65 to 600 C. A preliminary attempt to upgrade these 
coatings, particularly in high-temperature resistivity, indi- 
cated the need to formulate new enamels with electrical 
and physical properties specifically tailored to this appli- 
cation. A series of coatings was therefore developed for 
use with Types 310 and 316 stainless steel. Adherence to 
these steels is excellent and the thermal expansion match 
is close enough to permit repeated quenching from 600 C 
to room temperature. Volume resistivity is of the order of 
10'* ohm-cm at room temperature and 10° ohm-cm at 600 C. 
Electric strength at room temperature is about 200 volts/ mil. 

This program has clarified the interdependence of such 
coating properties as coefficient of thermal expansion, ad- 
herence, resistivity and electric strength on the processing 
parameters of surface preparation, coating thickness, firing 
cycle and chemical composition. With this information it 
is now possible to develop electrical insulating and protec- 
tive coatings for other high-temperature steels. (4) 


Design Analysis of Costs vs 
Properties of Wire and Cable 


The principles of design analysis of materials previously 


discussed are particularly evident in the wire and cable 
field. The designer here has a number of alternatives owing 
to the variety of materials available singly and in various 
combinations for primary dielectric, , jacketing, conductor 
metal and application techniques. Two prime examples of 
this are described here: 


1. Where good electrical properties are a major element 
in the specification, the application of tetrafluoroethylene 
(TFE) and fluorinated ethylene-propylene (FEP) resins 
are a factor in economy of design. (10) Stable at soldering 
temperatures, these fluorocarbons reduce assembly time by 
reducing shrinkback when a connection is soldered. Thus, 
servicing and inspection can be proportionately reduced 
with a corresponding saving in labor eosts. Wire insulation 
of this type can eliminate the costly possibility of rejecting 
an entire potted assembly because of heat damage to the 
insulation. 

Miniaturization is made possible by the heat and moisture 
resistance, as well as the high electric strength, of these 
fluorocarbon resins. Wire insulated with these resins, for 
example, solves the problem of getting more ampere-turns 
into a miniaturized coil. Because of high mechanical strength 
of the insulation at elevated temperatures, smaller conduc- 
tors can be used to transmit the same amount of power, 
often with less insulation (Table I). 


2. There is a general trend toward changing from rubber 
to plastics-covered cables. This has been occasioned by 
lower initial costs, installation costs and maintenance costs. 
Without degrading the electrical and mechanical properties, 
there is not only a cost saving but also a saving in space, 
because dimensions of plastics cables are smaller than those 
utilizing rubber. (J]) 

Rubber cables incur additional costs in the use of tinned 
copper (plastics cables can use base copper) as well as 
additional costs for braiding and lacquering operations 
which are not required with plastics cables. These savings 
are reflected in cable costs, amounting to a difference of 
over 33 per cent savings in plastics over rubber. 

The heavier wall thickness required of rubber insulation 
is due to the fact that the electric strength of rubber is 
lower than that of either polyethylene or vinyl. Since rubber 
depends upon the cross-linking of carbon black with the 
resin to develop its properties, it cannot, in itself, be colored; 


Table | — Examples of Weight and Space Savings through Use of Fluorocarbon-Insulated Wire" 











Weight 
reduction 
Ambient temperature Wire temperature Required wire size° through 
Current, Insulating | use of TFE 
deg C deg F amp material deg C deg F AWG = OD resin, 
Ib/M ft 
25 77 10 Pvc? 105 2 3=| 221 24 0.055 | 
TFE 200 392 26 0.041 0.2 
25 77 20 PVC 105 221 18 0.069 
TFE 200 392 22 0.052 2.8 
25 77 30 PVC 105 221 14 0.093 
TFE 200 392 18 0.072 5.0 
75 167 10 PVC 105 221 20 0.058 
TFE 200 392 24 0.045 0.66 
75 167 20 PVC 105 221 14 0.091 
TFE 200 392 20 0.059 8.2 
75 167 30 PVC 105 221 10 0.132 
TFE 200 392 18 0.07 23.0 
* Ref: “Applications of Teflon (TFE-fluorocarbon resins for) Insulated Wire in the Electronics and Aircraft Industry,”” D. C. Alexander, Electronics 


Materials Symposium, University of Pennsylvania, June 2, 1955. 
» PVC: Polyvinyl chloride insulation, MIL-W-16878 (600 volts). 
TFE: TFE-fluorocarbon insulation, MIL-W-16878 (600 volts) . 
© Weight and space savings through conductor-size reduction are possible only where the additional voltage drop in the wire is acceptable. Weight and 
savings are also practical through insulation-wall reduction; for example, replacing lead-jacketed asbestos and varnished cambric or glass-braided silicone rubber. 


Source: Du Pont. 
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Table 11 —Typical Applications of Silicone Insulation* 
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hence the use of the lacquered braid for color coding. Also, 
rubber, unless specially compounded, is affected by exposure 
to ozone. This lowers the life of the cable, making more 
frequent replacement necessary. Polyethylene and vinyl, 
for instance, are inherently ozone-resistant. 


Silicone Insulation Systems 


One of the most significant developments in silicone 
elastomeric insulation has been the introduction of com- 
pounds for the manufacture of both supported and unsup- 
ported silicone-rubber electrical types. This has made 
possible “sealed” insulation systems which permit utiliza- 
tion of lower-cost motor enclosures for outdoor applica- 
tions and severe operating environments. At the same time, 
these insulating materials offer improvements over previ- 
ously available compounds both in electrical and physical 
properties. 

The use of silicone-rubber electrical tapes for insulation 
on form-wound coils of rotating equipment has grown to 
such an extent that nearly all major manufacturers are 
offering a silicone-rubber system. 

The higher cost of silicone elastomers compared to other 
basic insulation materials has, in the past, resulted in a 
conservative approach to their use, but the cost has been 
offset by the fact that it has enabled more efficient use of 
magnetic steel and electrical conductors, resulting in more 
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power capacity per pound. Silicones have thus paved the 
way for greater optimum utilization of other basic materials 
used in electrical equipment. 

Some of the properties of silicone elastomers which make 
them particularly suitable for a number of the more common 
electrical applications are shown in Table II. 

One of the most versatile and useful of the new silicone- 
rubber products is the room-temperature vulcanizing group 


TL sits 


Fig. 2—Rotary connector utilizing flat-conductor cable. (Source: 
Hughes Aircraft Company, R & D Labs.) 
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Fig. 3 


Riveted construction, illustrated by terminal plate from 
two-cell beacon lamp at left, has been replaced by a single piece 
of machined copper-clad phenolic laminate, illustrated by the 
one-cell terminal plate at right. (Source: Clevite Corporation.) 


of liquid silicone rubbers. RTV silicone rubber has found 
wide use as an impregnating and encapsulating material 
for transformers and as an encapsulant for stator windings 
of random motors.(J2) As the use of silicone rubbers moves 
into higher and higher-voltage equipment, electrical appli- 
cations may utilize their advantages in combination with 
those of mica to obtain the high electric strengths required 
with optimum insulation thickness. 


Flat-Conductor Cable Design 


Insulation for flat-conductor, flexible electrical-circuit 
inter-connection devices (Fig. 2) may be produced by the 
use of virtually any organic material. The materials having 
the most utility today are polyethylene, polyester, polyvinyl 
chloride, _polychlorotrifluoroethylene, _ polyfluoroethylene 
propylene, and polytetrafluoroethylene as thermoplastic ma- 
terials in film form. Elastomeric compositions exemplify the 
thermoset materials suitable for this type of cable. 

The materials cited in both groups generally have good- 
to-excellent electrical properties, with the fluorinated thermo- 
plastics superior in all respects. Of the thermoset materials, 
silicone rubber is preferred from the standpoint of electrical 
properties. 

Aside from electrical requirements, which of course in- 
cludes electrical properties in wet environments, the next 
most important consideration appears to be electrical and 
mechanical behavior at high and low temperatures. The 
fluorinated polymers and the silicone-rubber materials are 
unquestionably superior in this respect. The tetrafluoroethy- 
lene, fluoroethylene propylene and _ chlorotrifluoroethylene 
polymers are capable of useful service at temperatures of 

100 to —130 C. The upper range extends to 250 to 300 
C for tetrafluoroethylene polymer and silicone elastomers. 

Polychlorotrifluoroethylene and polyester insulation ma- 
terials provide sufficient elasticity to make possible “self- 
retractible” cables. Silicone elastomers can be used to make 
cables having less stiffmess and a much wider service-tem- 
perature range than any other material. 

All of the material types referred to for high-quality 
products are relatively expensive as raw materials. Polyethy- 
lene, however, is an example of a material which still has 
some highly desirable properties and is available at lower 
cost. 

The cost of processing is generally a small part of the 
cost of products made with the expensive materials. Process- 
ing of the thermoplastic materials is of about the same 
magnitude, while in the case of the thermoset materials, 
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the cost is related more to the configuration of the product 
and the processing technique involved. 


Engineering Savings by Redesign 


The advantages of redesigning a component by respeci- 
fying the materials of construction are significant in the 
amount of cost savings and in upgrading engineering 
economics in the design itself. The following examples are 
illustrative of such a situation. 

A switch from phenolic rod to epoxy-glass tubing for 
insulating and mechanical components of electrical systems 
has permitted an upgrading of important design features 
on several types of overcurrent relays and switch mounts. (14) 

The epoxy-glass tubing (J5) is used for standoff posts, 
insulated actuating links and as an insulating casing. Com- 
pared to phenolic rod, it adds less weight to the complete 
units and has equal or better mechanical and electrical 
properties. As an insulated actuating link, for example, its 
lower inertia allows faster-operating cycles and reduces 
switching shock. In addition, water absorption is low and 
dimensional stability is high where humidity is excessive. 
Also, it does not require a protective finish after machining 
to prevent water absorption as does phenolic rod. 

Although epoxy-resin/glass-base laminates are more ex- 
pensive on an equal weight basis than phenolic laminates, 
cost of the epoxy-glass tubing is actually lower than the 
phenolic rod because the overall weight is considerably less. 

Electrical design can frequently eliminate manufacturing 
operations and reduce labor costs by redesigning compon- 
ents to take advantage of new materials. 

Another example is the redesign of a beacon lamp. The 
main factor was specification of the terminal plates to be 
one-piece copper-clad phenolic laminate. This represents 
a new use of a material that was originally developed for 
use in printed circuits. The terminal plates were formerly 
made of eight pieces, consisting of two zinc disks fastened 
with five rivets to a board of laminated plastics material. 
This new design institutes cost savings by cutting down on 
labor costs of riveting and by use of a more economical 
material (Fig. 3). 


Design Economy of PSA Tapes 


The design value of pressure-sensitive adhesive electrical 
tapes as permanent designed-in elements is derived from a 
number of unusual properties and combinations of proper- 
ties. Typical applications cover a wide range of products 
and uses, including insulation for tape cable, coil covers, 
slot insulation, phase and end insulation, harness wrap, 
bundling or tying, interlayer insulation for coils and trans- 
formers, spot-in-place dielectric barriers to replace riveted 
fiber-board (and other similar expensive processes), capaci- 
tor insulation, and many others. 

Ordinarily, the first step in designing a tape into a 
product is for the engineer to choose a backing, with the 
choice based on other components with which it will be com- 
bined. He might choose, for instance, Mylar, Teflon, paper, 
glass cloth or any of the wide number of backing materials 
available. 

Pressure-sensitive adhesive electrical tapes have flexible 
backings, to fit complex shapes and irregular surfaces with- 
out additional production steps such as stamping, die-cutting 
or bending. Backings are available in the same form as 
sheet insulation materials which might be used, with the 
added advantage that once put in place, they stay in place. 
The nature of the backing, used in combination with an 
identical or similar sheet insulation, and the formulation 
of the adhesives, allows design of insulation systems which 
are compatible under given operational and environmental 
conditions. When properly chosen, they possess the same 
inherent properties as other insulation in the system. 

Since pressure-sensitive adhesive tapes can be applied 
easily, it is possible to use them in automatic dispensing 
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equipment which controls the amount of tape applied and 
insures consistent quality, reduces labor costs and speeds 
up production. (13) 

The “common-denominator” design advantage of PSA 
tapes is adhesion. Although the initial cost is usually higher 


( 2 — Principles of Design Analysis of 
Materials Applied to General Considerations and 
to External Factors; Purity of Materials; Effects 
of Fabrication; Influence of Research; Influence 
of Test Methods. 


Effects of Fabrication 


It should not take too much imagination to realize that 
the properties of a material may be significantly altered in 
the process of fabrication. When such changes are planned 
and controlled—as in the case of annealing a metal or heat- 
conditioning a plastics molding—no problem should exist. 
But when such changes occur gratuitously, without the de- 
sign engineer’s being aware of them, the results may be 
disastrous in terms of ultimate failure. As a simple illus- 
tration, a certain plastics extrusion compound was specified 
for a particular application because of its chemical resist- 
ance. In order to speed up production rates, the compound 
was modified by an additive that unfortunately degraded 
the critical property (chemical resistance) on which the 
application was based. In many instances, the effects of 
fabrication processes and environments are far more subtle. 
Delicate chemical and metallurgical balances may be upset 


Note: No comprehensive or meaningful design analy- 
sis of materials can overlook an investigation of cur- 
rent research projects in related fields. At least an 
awareness of the areas in which research is active or 
projected is necessary. In particular, much information 
is available in the periodic reports of university labo- 
ratories and government agencies. Below is a summary 
of current activities at the National Bureau of Stand- 
ards as given in its annual report: 


e@ The discovery of a series of materials that show 
both ferroelectric and ferrimagnetic properties simul- 
taneously has aroused considerable industrial interest. 
Ferroelectric materials have electrical properties anal- 
ogous to the magnetic properties of ferromagnetic 
materials such as iron and nickel. Ferrimagnetic ma- 
terials are magnetic materials that cannot be magnet- 
ized as strongly as the more common ferromagnetic 
materials. 


e Ceramics with magnetic properties have been 
known for a long time, but until now none has been 
found to show both ferroelectric and magnetic prop- 
erties at the same time. As the two properties seem 
to be mutually dependent in the composition studied, 
these materials should find application in new elec- 
tronic components where a coupling between dielec- 
tric and magnetic effects is desirable or where a 
magnetic material having a high dielectric constant 
would be useful. 

e A great deal of interest has also been shown in 
a vapor deposition process for plating high-purity 
tungsten on metal surfaces. Tungsten is one of the few 
metals that possesses structural strength at tempera- 
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for these tapes than for comparable square yardage of 
sheet insulation of the same material, their value in pro- 
duction, especially when used in conjunction with high- 
speed application equipment, may outweigh the higher 
initial purchase price. 


and the ultimate degradative effect on properties may not 
be apparent until costly field failures occur. 

The term “fabrication process” of course encompasses all 
possible production variables. The effect of such variables 
on the ultimate design values of the material should be 
self-evident, although too frequently it is ignored by the 
equipment or system engineer. He cannot expect his own 
production department, however, to anticipate all contin- 
gencies, nor can he reasonably expect the materials suppliers 
to do so. Actually, the material supplier sells only a material 
with certain physical, electrical and chemical properties, in 
certain configurations and dimensions. The material does 
not become an electrical insulation, a contact, a resistor, a 
structural element, etc., until such time as it has had per- 
formance functions designed and built into it by the user— 
that is, by the design engineer. 

Despite the fact that fabrication processes may—and 
frequently do—impair properties and decrease intrinsic de- 
sign value, the converse is equally true. Fabrication processes 
and environments create factors that can be used to enhance 
the properties of materials. For example, improved molding 
methods and faster molding cycles can increase the in- 
trinsic design value of plastics molding compounds. It is 
thus possible either to reduce the costs of materials already 
in use, or to justify the alternative use of higher-priced 
materials with superior performance value. 


Some Current Research Directions in Materials 


tures above 2000 C. However, until recently the high- 
temperature properties of tungsten could not be effec- 
tively utilized. Its brittleness and hardness prevented 
it from being machined by conventional methods, 
while its weight restricted its use in aeronautical 
equipment. 


e The full application of new semiconducting, mag- 
netic and dielectric materials is still limited by a lack 
of knowledge concerning the relation between prop- 
erties on the one hand and structure and composition 
on the other. During the past year, notable advances 
were made in this area through development of tech- 
niques and instruments for highly accurate character- 
ization, analysis and evaluation of such materials. 
These developments included apparatus for determin- 
ing complex tensor permeability as a function of 
frequency, a magnetometer for measuring spontaneous 
or saturation magnetization, a method for measuring 
extremely high dielectric constants, a technique that 
permits low-loss magnetic measurements, and a tech- 
nique for making complex conductivity measurements 
without applying electrodes to the material. 


e Fundamental research on the mechanical prop- 
erties of metals includes work in instabilities in 
alloys, changes within the space lattice at the atomic 
level, surface reactions, the creep process, metal 
fatigue—all factors controlling the response of metals 
to external forces. It is hoped that, from information 
derived experimentally, practical methods will be de- 
vised for improving the performance of metals and 
for developing new alloys as they are required by 
scientists and engineers. 








In short, fabricating or processing procedures can and 
do confer properties on materials, and the ability to confer 
such properties should be a part of a design analysis. Here 
is a simple example of how, starting with the same material, 
different degrees of performance values are conferred by 
processing methods. 


e@ Application No. 1—A casting resin is used to encapsulate a 
coil for the simple purpose of holding the insulation varnish in 
place and to protect the coil from moisture. Process: simple 
“potting” 

e Application No. 2—A coil has to withstand some voltage 
and has a high-corona starting level. Process: vacuum impregna- 
tion is required to confer this property. 

e@ Application No. 3—Here we need an ignition coil with a 
still-higher starting voltage. Process: pressure as well as vacuum 
impregnation is now a required processing step to confer the 
added level of performance. 


Effect of Test Methods 


The validity of a decision to ultimately use a certain ma- 
terial in a stated application may very well depend on the 
validity of the test methods that have been employed in 
the design analysis. It is no secret that many gaps exist 
in test methods appropriate to contemporary requirements 
for materials. The primary consideration for the design 
engineer is to be aware of such gaps and to make every 


A Research and Application Analysis of 
Encapsulating Resins 


Note: This analysis of (a) the practical problems in 
the use of certain casting resins for electronic encap- 
sulation and (b) the alternatives that may be possible 
through research in other materials is an interesting 
example of design analysis of materials: 


1. Despite the widespread use of epoxy potting com- 
pounds in electronic devices, a certain reluctance to 
accept further usage has occurred in certain areas 
owing to the extreme difficulty of reclaiming costly 
components in event of mistakes or rejected devices. 
Considerable work has been done to develop solvents 
or softening agents for use in reclaiming costly devices 
potted in such insoluble epoxy resins. However, none 
of them has been adequate in actual use since, gen- 
erally, if they are successful in reducing the resin to 
a removable consistency, they also destroy or damage 
the electronic component as well. 

2. In order to overcome this inherent difficulty, 
polyurethanes are being studied as replacements for 
epoxies. This work has not been totally successful, 
largely because of the poorer weathering and water 
resistant qualities of the urethanes as compared with 
epoxies. However, in certain applications, these diffi- 
culties are not serious; consequently, a greater use of 
urethanes can be anticipated. 

3. A similar difficulty occurs when modifying agents 
are used with epoxies to reduce their modulus of 
rigidity to a point which makes cracking and thermal 
contraction less of a problem. Such materials as poly- 
amide and other modifiers normally reduce water 
resistance and hence the electrical characteristics, so 
that in very critical applications such techniques are 
not desirable. The possible development of commer- 
cial eastable fluorocarbons may be the solution, since 
they have inherently good water resistance and vapor 
impermeability. If successful casting materials of this 
type could be made, it would seem that certain highly 
critical devices could be successfully packaged with 
this material. 
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effort to use or even devise test methods that provide as 
realistic a basis for his analysis as possible. 

For example, in the rapidly expanding field of resin 
encapsulation and embedment of electronic parts and cir- 
cuits, application problems have far outstripped the scope 
of existing test methods. The very multiplicity of resin 
compounds (the result of the almost limitless combinations 
of basic resin, filler, hardener and other compound elements) 
makes this situation almost unavoidable. 

Individual companies, however, have developed special 
test procedures based on functional testing principles in some 
instances and on special simulative testing in others. The 
rather special case of the need for better and more com- 
prehensive test methods for casting resins is underlined by 
the fact that currently both the AIEE Committee on Elec- 
trical Insulation and the Society of Plastics Engineers Pro- 
fessional Activity Group on Electrical Insulation have set 
up task forces to develop appropriate standards. The SPE, 
for instance, wants to establish a standard for reporting 
physical and electrical properties for casting resins beyond 
the conventional properties. The design engineer needs to 
know “certain properties, not just at 60 cycles, but also at 
higher frequencies and not only electrical properties 
at room temperature but at elevated temperatures . . . also 
the vapor pressures at various temperatures of liquid resin 
and hardener—an essential information in vacuum-potting 
applications.” 

In another area, the problem of dynamic mechanical tests 
for plastics is receiving increasing study. Such tests are 
necessary for a proper analysis of plastics where dynamic 
stresses are encountered. Suitable machines for dynamic 
tests for plastics have been developed and have been in- 
stalled in certain laboratories. 


Research Analysis in Design Parameters 


Where a given set of parameters is put forth and there 
is no solution to designing for or around them, research 
must be used to analyze the situation and propose an ap- 
proach to solving the problem. 

For instance, with the advent of extreme-high-temperature 
technology, a need to find a family of materials possessing 
high electrical properties while retaining good mechanical 
properties became a high-priority project. This problem 
is significant in the light of the changing parameters of 
design occurring with daily advances in electronics technol- 
ogy. Although operating conditions for electronics systems 
tend toward severe environmental extremes, there is consist- 
ent thinking that materials and devices operating under these 
conditions should also be economically and _ technically 
feasible for ranges within the more normal areas of operat- 
ing environments. The obvious procedure is to start with 
basic research and proceed to development of practical 
applications. Such research should include an examination 
of available experimental materials. A case in point is the 
projection and consideration of several types of ceramics 
to fill requirements that at present cannot be met by other 
materials. 

1. Increasing temperature requirements will soon exceed 
the capabilities of reinforced plastics in many radar and 
structural applications. In an attempt to create a more 
temperature-resistant materials system that retains the simple 
processing techniques used in the fabrication of reinforced 
plastics, the development of a nonmetallic fiber-reinforced 
ceramic system was projected into research. (9) The ma- 
terial decided on for preliminary research was silica-fiber 
reinforced aluminum phosphate. Dielectric constants of 3 
and loss tangents as low as 0.012, which remain essentially 
unchanged up to 600 C, should make this material suitable 
for many high-temperature applications. This, coupled with 
the ease with which these reinforced ceramic materials can 
be fabricated into large complex shapes, makes them even 
more desirable as a new structural and electrical material. 
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2. Both alumina and beryllia ceramics for electronic ap- 
plications are very hard polycrystalline materials. In most 
cases, they are vacuum tight and can therefore be used as 
electron-tube envelopes or vacuum barriers. Since these 
materials contain very high proportions of alumina or 
beryllia (as high as 95 per cent), they have stable dielectric 
constants over very wide frequency ranges and are generally 
very-low-loss materials, as evidenced by the loss-tangent data 
given in Table III. Both materials have very high strength, 
beryllia being about half as strong as alumina. 

Alumina is generally applicable where high strength and 
vacuum tightness are needed in conjunction with either 
high electrical resistivity or low loss, or in stable dielectric 
applications: radomes, low-loss windows in klystrons, and 
internal spacing in high-power tubes because of very low 
out-gassing characteristics. 

The characteristic property of beryllia ceramics is con- 
cerned with very high thermal conductivity, which is very 
close to that of aluminum metal at room temperature. Elec- 
trical resistivity is slightly higher than that of alumina 
ceramics. Thus, beryllia is an ideal material for heat dissi- 
pation at elevated temperatures while maintaining very high 
electrical resistivity. Beryllia ceramics are being used where 
the high thermal conductivity of the material can reduce 
thermal stress in a ceramic section and thereby allow higher 
power transmission through the ceramic. 

Costwise, beryllia is between two and twelve times more 
expensive than alumina. It is planned, through increased 
production, that the high costs of manufacturing and of 
raw materials can be controlled to remove these restrictions 
on the use of these materials in design. (17) 

3. Recently, a new and distinctly different family of 
dielectric materials—fibrous ceramics—has been developed 
which may have applications as flexible resistors or con- 
ductors, electronic capacitors and insulating materials. The 
materials consist of a ceramic filler within a plastic binder. 
Produced by an extrusion process. the materials are leathery 
in appearance and appear fibrous when separated. The 
usable temperature range is greater than that of the plastic 
binder employed. Table IV illustrates properties of a mag- 
nesia-Teflon material of this type. Two suggested areas of 
application for capacitors are in power-factor correction 
and for electronic-type tubular constructions. 

With fibrous ceramics, it should be possible to effect re- 
ductions in volume requirements in power-factor-corrector 
because of the dielectric constants 
achievable. Because the electric strength of the composite 
material remains high, the voltage ratings of capacitors 
made from these materials should not require reduction from 


capacitors increased 


Table ili—Mechanical and Electrical Properties 
of a 99.5 Per Cent Alumina 


AD-995 


Property 
Flexural strength 
72 F 
250 F 
500 F 
1500 F 


2500 F 


40 , 250 psi 
40 , 250 psi 
40, 200 psi 
40,100 psi 
20,100 psi 


Specific gravity 3.8 to 3.85 


Water absorption None 


Gas-tight by helium 
mass spectrometer 


Porosity 


9 (Moh’s scale) 
81 (Rockwell 45 N) 


Hardness 


Color Pink 


Working temperature 1780 C (max) 


Dielectric constant 


(9200 mc at 25 C) 9.27 


Loss tangent 


(9200 mc at 25 C) 5.9 X 1075 


Loss factor 


(9200 mc at 25 C) §.5 X 10~ 


ee 


Source: Coors Porcelain Co., Golden, Colorado. 


present levels. In some instances it should be possible to 
achieve even higher voltage ratings, depending upon par- 
ticular requirements. (18) 


Purity of Materials in Design 


The ability to mass-produce materials of highest purity 
is not necessarily a theoretical problem. It is one that must 
be solved in the foreseeable future to allow a practical 
technology to design and produce equipments for maximum 
efficiency under both extreme and normal operating condi- 
tions. In respect to purity of materials, technological view- 
points are facing a radical change. 


Table IV—Electrical Properties of MgQO-Teflon (Fibrous-Ceramic) Sheet 


Dissipation factor (tan 6) 

|. citi a ie 

Frequency, 
@2c | @130C 


@ 250C 
0.42 
0.25 
0.12 
0.039 
0.022 


0.078 
0.031 
0.0097 
0.0032 
0.0029 


0.25 
0.15 
0.075 
0.021 
0.0093 





| 


7.7 X 10” 8.3 X 10" 


Source: Armour Research Foundation. 


8.3 X 10" 
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@ 25 C after 
24 hr at 250 C 


Resistivity, ohm-cm at 500 volts d-c 


Dielectric constant 


| @ 25 C after 
@25C | @130C | @250C {24 hr at 250C 


.0010 

.00077 

.00040 
00042 


| 
| 
| 
| 


Electric strength, vpm, 0.021 in. thickness 


@ 25 C after curing 

@ 25 C, uncured at 250 C 

3.2 X 10" - _ . ic aindesaaaes : : 
430 


500 





Materials that will increasingly be “designed” by mole- 
cular engineering (16) will as increasingly impose new 
standards for purity, homogeneity and precisely reproduci- 
ble and uniform characteristics on production standards 
and production process lines. In the future context of speci- 
fications for given materials systems, some measure of ab- 
solute purity will not be unusual. 

Progress toward mass-production techniques has been 
measurably helped in recent years by many materials- 
research techniques such as zone melting, crystal growth, 
tracer analysis, activation analysis, vacuum purification, and 
electric-furnace melting. A number of new measurement and 
analytical processes (although not conventionally associated 
with materials) should find broad applicability in the 
realization of mass-produced pure materials. 

While electronic design is concerned with many products 
which are sensitive to the properties of their constituent 
materials, no area is currently as sensitive to materials 
parameters as the solid-state field and semiconductor devices 
in particular. 

In no other overall area are impurities measured to as 
fine a point as atoms per cubic centimeter, nor is perfection 
analyzed down to lattice parameters. From the lessons 
learned here, a comparison can be made to other areas 
where small impurities in materials may be found to affect 
the parameters of good design through efficient selection 
of materials. 

As is well known, semiconductor devices are extremely 
sensitive to controlled material properties, minute changes 
in which can affect their operating parameters and their 
manufacturing yield or shrinkage. At the same time, the 
raw materials used in semiconductor design have a high 
intrinsic value caused by the necessary purification and 
crystal-growing procedures. Furthermore, during processing 
of the materials, a large percentage disappears as waste. 
giving the final small chip or die an extremely high residual 
value when considered on an economic basis. 

In working with semiconductors, the approach is to work 
with the highest-purity materials available. Both silicon and 


germanium are purified to their ultimate through zone re- 
fining or floating-zone techniques to remove possible con- 
taminants, including gases such as hydrogen and oxygen. 
The materials, once purified, are then counterdoped with 
the electrically active donors or acceptors to achieve the 
ultimate device characteristics. This approach has been taken 
because device yields, reflected by higher saturation cur- 
rents and wide variations in voltage breakdown, are affected 
by foreign impurities. By limiting foreign impurities in the 
material, a much tighter spread in device characteristics is 
achieved and, as a result, higher yields. There are devices 
that require relatively heavy dopings, such as the tunnel 
diode. the Zener diode, solar cells and low-voltage rectifiers. 
For these devices, a lower-quality starting material can be 
used, but, compared to most raw materials, these semi- 
conductor materials are still very clean. 

All these factors in combination show the need for ana- 
lytical techniques permitting the evaluation of materials 
at a very early stage so that inferior materials may be dis- 
carded before they have accumulated too much processing 
value. Obviously, such detailed analyses for particular de- 
sign centers are expensive and require complex instrumen- 
tation and skilled personnel. However, the results of these 
analyses show up in increased yield and, thereby, reduction 
in long-range costs and corresponding improvements in the 
properties of the materials. 

Based on device performance and device yields, it is 
advantageous to start out with the highest-quality materials, 
and to know and control the impurities introduced. The 
same direction is being taken in approaches to materials 
other than semiconductors—particularly in alloy and con- 
tact materials. Much work has been done in purifying these 
materials beyond the currently available limits and rework- 
ing them for the needs of particular devices. High-quality 
material may result in more expensive starting materials, 
but in the end—if there is a price differential in the raw 
material—this will be compensated for many times over by 


seeing higher yields, tighter distributions and better devices. 
(4, 19) Oooo 


ee 


Dow Corning Corporation, Midland, Mich. 
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for optimizing small transformer and induc- 
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much engineering time and gain true en- 
gineering economy in materials and fabrica- 
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HicH-sPEeD digital computers are being used today to de- 
sign many kinds of transformers and inductors. Estimates 
of engineering time required vary from 2 to 10 per cent 
of the time required by longhand. The kind of computer 
program adopted depends upon the kind of transformer 
to be designed. For a large power transformer which re- 
quires several months to manufacture, the program can 
be much more elaborate than for a small electronic trans- 
former requiring less than an hour to make. However, it is 
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with electronic components that this article is concerned. 
Here the kind of computer program depends on technical 
and economic considerations such as operating voltages, 
weight, and volume of production. 

The design procedure follows closely that of a design 
engineer, and computer designs described here compare 
favorably with other extant designs. Weight minimization 
is limited only by the number of standard cores available, 
which is an economic consideration. Programs outlined 
here are adapted to the stocking of the standard parts so 
essential to efficient factory operation. The possibility of 
using the computer to reduce weight from present practice 
is highly dependent on improvements in transformer ma- 
terials. 

Because the computer has not been programmed to 
edit the customer’s specifications (nor does it appear prac- 
ticable to foresee all possible deviations), an engineer re- 
views all such specifications, regardless of whether the com- 
puter is used, and makes the needed modifications. With 
reasonable performance requirements, and even with de- 
viations from assumed conditions, preparation of the prob- 
lem for the computer is a matter of minutes. Depending 
upon the requirements and upon engineering efficiency, 
the total saving in design time is 1 to 2 days for a new 
transformer design. 

Aside from reduction in engineering time, overall gains 
are: improvement in reliability because of better trans- 
former standardization and more effective use of engineer- 
ing talent. Computer designs tend to be more uniform than 
those done by hand, and less dependent on individual 
whims. Therefore, they are easier to check and control. It 
is possible to tabulate the computer output so as to produce 
manufacturing information on cards or tape, which could 
be used to program some of the production machines. 

Two general procedures for programming the computer 
are available: unique designs and multiple-choice designs. 
If design and manufacturing practices for transformers of 
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Table I—Advantages and 


Disadvantages of 


Two Types of Computer Programs 





Leading to multiple-choice 


Leading to unique designs designs 
Advantages 
a) Rapid and inexpensive a) Variations in material, etc. 


b) Uniform, free of whims | b) 


c) Optimum use of engineer- | c) 


ing time 
d) Adapted to use of standard 


Disadvan 


a) Variations in material, etc. | a) 


require new program 


b) Relatively inflexible size b) 


readily observed 

Easy to choose minimum 
size 

Flexibility 


tages 


Relatively slow and expen- 
sive 

Increases number of kinds 
of stocked parts 


| c) Requires more engineering 


time 





E3P 
c2r 
EiP 

EOP 


Fig. 1 


Primary and secondary 





&4s 


Electrostatic 


EOS 


voltage-tap designations for 


simple electronic transformers considered in text. 


Table lI—Single-Secondary 


Transformer Design 


Specifications Fed into Computer* 





Symbol 

E3P 
E0P 
E\P 
E2P 


Frequency, cps: 
Symbol 
E4S 
E0S 
E1S 
E2S 
E3S 
Is 


Secondary voltage tolerance: 


Allowable temperature rise:...... 


* See also Table IV. 
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|—-— — 


Primary volts Terminal no. 


Secondary volts | 


volts 
volts/volt 
deg C 

(_] Solid 


Wire [] None 


large variety and proved performance are well established, 
it is a logical step to program the design techniques; the 
computer then produces unique designs on standard parts. 
As a second procedure, if some important requirement such 
as weight or cost warrants the extra work, the computer 
can be programmed to calculate a large number of designs 
to show the effect of changing such parameters as insula- 
tion thickness, wire size or core dimensions. From among 
these, an engineer can then choose the one best suited 
to the application. (1, 2, 3)* Both procedures have inherent 
advantages and disadvantages, as summarized in Table I. 
Programs presented here are of the first kind. A simple 
two-winding transformer has been chosen as an example to 
illustrate how such a computer program is developed. 
The starting point was a series of standard Hipersil cores 
to which maximum volt-ampere (va) ratings were assigned 
based on experimental data, for the following conditions: 


1. Line frequency of 60 cps. 

Z. Primary and secondary each single section. 

3. Maximum voltage insulation in each winding, 
operating value. 

. Resistive load. 

. Winding temperature rise, 40 C over ambient of 65 C. 

. Maximum regulation 15 per cent, no-load to full-load. 

. Open-coil assemblies encapsulated in polyester resin. 

. Equal copper loss in each winding. 

. Operating induction, 16,000 gauss. 


1000-volt 


CoOnNDM 


In adapting these simple transformers to computer de- 
sign, provision is made for three primary voltages and four 
secondary voltages by means of winding taps, and for elec- 
trostatic shields hetween windings, Fig. 1. At several points 
in the program, the computer is instructed to stop if calcu- 
lations exceed practical limits. For example, the winding 
height, the temperature rise, the regulation or secondary- 
terminal voltage limits might require the next larger core. 
On the other hand, if some of these quantities were below 
a minimum limit, a smaller core might be used. Such de- 
cisions in the program are called branch points and, are 
discussed further below. 

The designs were programmed for an IBM 704 com- 
puter which is so fast, that feeding in the input data for a 
specific transformer consumes a great deal more time than 
that required for actual computations. Consequently, the 
specific information is first key-punched into data cards, 
which are placed behind the program deck. All the cards 
are then written onto magnetic tape by a card-to-tape con- 
verter. The tape is then processed through the computer. 
This requires 1 min of computer time and represents a 
saving of 5 min over using cards without tape. The specific 
fed-in data are listed in Table II (the actual form includes 
the chart, Fig. 1). 

Usually the computer requires two or three iterations of 
programmed design steps for the right answer. The ma- 
chine calculates and prints out the following information 
for both primary and secondary windings: 


number of turns for whole 
winding and for each tap 

wire sizes 

number of layers 

turns per layer 


winding height 
winding resistance 
weight of wire 


copper loss. 


For the whole transformer the machine also prints: 


total losses 
temperature rise 


output voltages 
no-load to full-load regulation. 


The 18 major steps in the computer program are charted 
in Fig. 2 to illustrate the iterative process. The transformer 
va rating (Step 1) is fed into the computer and from its 
stored data it chooses the maximum core va rating nearest 


* Italic numerals in parentheses refer to Cited References at end of article. 
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the transformer rating (Step 2). The remaining steps are 


defined as follows: 


3. For the allowable temperature rise, each core is assigned a 
maximum value for total losses. 

4. Maximum copper loss is Step 3 minus core loss at assumed 
induction. 

5. Estimated copper loss = Step 4 [(Step 1)/(Step 2) ]2 

6. Primary va = Step 1 + Step 5 + core loss. 

7. Primary amp = (Step 6)/(primary volts). 

8. Approximate regulation = (Step 4)/(2.6 Step 2) for each 
winding. (The factor 2.6 is 2 & 1.3 to change overall regulation 
to regulation per winding and to allow for maximum winding 
temperature. 

9. Primary turns are calculated for rated primary volts and 
an assumed value of core induction. Secondary turns = (secondary 
volts) /[ (Step 1 + 25) (primary volts per turn) ] where 


IR drop — 


rated volts for either “winding 


where R = winding resistance. 

10. Turns per square inch for each winding 
to useful window area. 

1l. Wire sizes are picked from the magnet-wire table, which 
is stored in the computer. 

12. Number of layers = turns/(turns per layer). 
layers are required if taps are specified. 

13. Winding height — (number of layers) (wire 
diameter + paper thickness) /(space factor). 

14. Winding resistance is found from wire table, 
turns, and calculated mean length of turn. 

15. Total losses = revised copper loss + core loss; they should 
not exceed Step 3. 

16. Primary induced voltage = 
(1 — 4). 

17. Secondary terminal volts = (primary induced voltage 
turns ratio) (1 — 5). 

18. Regulation for resistance loads is the sum of /R drops 
in percentage of rated voltages. 


~ratio of turns 


Additional 
outside 


number of 


(primary terminal voltage) 


The copper loss in Step 15 is calculated from actual 
currents and winding resistances, rather than the value 
estimated in Step 5. Primary turns are based on rated 
primary volts in Step 9. 

In Fig. 2, the iterative action of the computer is shown 


For both prim.and sec. wdgs 


total losses 
Winding res 
Sec. terminal voltage 


Temp. rise 
Regulation 
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Fig. 2—Iterative procedure charted by flow of work through 
digital computer for simple transformer design. 
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Fig. 3 — Ratings of 60-cycle transformers compared with weight 
of Hipersil wound cores. 
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for a design example having a va rating near, but slightly 
under, the maximum va rating assigned to a given core. 
Several winding taps are assumed, and this increases the 
number of layers in each winding. Thus the winding height 
(Step 13) is found to be too great for this core on iteration 
1. The machine then repeats Steps 11, 12 and 13, using the 
next-smaller wire size. The winding height is now within 
limits, but the temperature rise is excessive. The primary 
induced voltage is computed and this allows the turns to 
be reduced in iteration 3. All limits are now met, except 
secondary terminal volts, Step 17. To obtain the exact volt- 
age, some trimming of turns is required in iteration 4. This 
is the final design, unless total regulation exceeds the 
allowed amount. If it should, the whole design would have 
to be done over on the next larger core, as indicated by 
iteration 5. 

Iterations of Fig. 2 follow programmed branch points, 
each of which provides a go, no-go test for the computer. 
These points are summarized in Table III. (In the detailed 


Table ll—Branch Points for Iterative Computer 
Program (Fig. 2) 


If within limit 


Winding 
height 


Computation If limit is exceeded 
Try smaller wire size(s). 
Then compute winding 
resistance, etc. 


Campuses wiidtine 
resistance, etc. 


Temperature Compute induced 
rise voltage. 


Start over on larger core. 


Reduce primary turns. 
Repeat all computations 
following Step 8, Fig. 2. 


Output volt- Compute regula- 
age tion. 


Compute flux 
density. 


Regulation Start over on larger core. 


Design is done. 


nN 
oO 


Core weight, Ib 


Rating ,kva 








transformer design program, Table IV, these points refer 
to operations 66, 82, 84 and 86, respectively.) 

Core induction is chosen so that these transformers can 
be given an overload test in which voltage is raised 12 per 
cent above normal for duration of the test, without saturating 
the core. Coil margins, paper thickness, and coil-form thick- 
ness are all fixed by winding-machine requirements. The 
paper thickness is such that, with thorough encapsulation 
in a thermosetting resin, the necessary electric strength 


for 1000 volts maximum is obtained. 


Under these conditions, each core has the limiting va 


assigned to it on the program. Ratings increase stepwise, as 


in Fig. 4. 


shown in Fig. 3. Over a large number of designs, the aver- 
age rating will be somewhere near the middle of the step, 
as indicated by the dashed line. Voltage regulation cor- 
responding to the maximum rating in each case is shown 


Essentially, these data represent experience; once they 
are incorporated in the computer program, the computer 


produces a maximum percentage of optimal, reliable de- 


Table [V —Computer Program for Design of Small Electronic Transformers 








Single-secondary transformer of 60 cps, 37. (Ue ae = 8 pe _ b. If 66 still exceeds 2 X 28, revert 
40-C temperature rise, and open-frame Se whole number. to 40 and choose primary wire 
Fosterite impregnated coils under 1 $9. N4s/WDP — 92/22 38). smaller, Test solid shield again if 
kv, using 13-mil tape-wound cores. 40. Select primary wire size from stored 2 X 28 is still exceeded. If not 
Computer operations are numbered table by 88 (next number smaller right, go to the following condi- 
in sequence in bold-face type for iden- a — 38). hf ‘ ; tions: 
tification in later operations. ° urns per inch for primary wire. c- If 66 still exceeds 2 X 28 after 
= oe ~- = per te adjustment 66b, revert to oper- 
° esistance, ohms per t. ation 46 and choose secondary 
Fed-in Data > Mat oni . pe er -s wire one size smaller. If it will 
. ° rimary layer insulation. not go with primary and wire- 
ry ; —_ a mee <= 46. Select secondary wire size from table meth shield. cat oth solid 
. ee cues aes sg Ps by 89 (next number smaller than $8); shield. 
3. F2P | volts ads ine print wire size. 67. Shield wire size: print AWG size or 
“ Frequency a ies <x 47. Turns per inch for secondary wire. solid as in 66. 
8 OE en on a 48. Winding height per layer, in. 68. Height of shield, in. = 42 or 0.005 
ee UE ee eta eae Table il 49. Resistance, ohms per 1000 ft. (based on 67). 
a ae ied Siena . 50. Weight, lb per 1000 ft. | 69. Build-up ratio = 2 x 23/66. 
, 2. ait ao. 51. Secondary layer insulation. 70. Primary mean turn = 20 + 7 58 in. 
8. 3S. calla denies = pee = oe ne asda 71. Primary resistance, ohms = 30 X 70 
: eens? — cia ' imary turns per layer = xX 41. 43 ,000. 
9. JS, amp. (Use ns aaa oes decimal.) 72 hi wire weight, lb = 80 X 70 
i pee? voltage tolerance, volts. 54. Number of layers for NIP = 88/53. ; x 44 112 000. ps 
; a maximum limit, volts/ (Use next largest whole number.) 78. Primary IR drop, volts = 1.2 X 28 
, 55. Number of layers from NIP to N2P xX 71. 
Stored Program = (84 — 88)/53. (Use next largest 74. Primary /°R loss, watts = 73 X 28. 
whole number.) 75. Secondary mean turn = 70 + x [58 
12. Core type. 56. Number of layers from N2P to N3P + 65 + 2 (insulation + 68)]. 
18. Core va rating. = (30 — 34)/53. (Use next largest 76. Secondary resistance, ohms = 32 X 
14. Core loss, watts. whole number.) 75 X< 49/12,000. 
15. Core weight, lb. 57. Number of primary layers = 54 + 77. Secondary wire weight, lb = 82 X< 
16. Core area, in. 55 + 56. : 75 X 50/12,000. 
17. Allowable transformer losses, watts. 58. Height of primary winding, in.= 57 78. Secondary JR drop, volts = 1.2 X 
18. Width of coil, in. x 42. 9 x 76. 
19. Total winding build-up, in. 59. Secondary turns per layer = 22 X 79. Secondary J/?R loss, watts = 1.2 X 
20. Coil-form periphery, in. 47. (Use whole number; drop deci- ex 76. 
21. Temperature rise, deg C per watt. mal.) 80. Total [?R losses, watts = 1.08 X 
22. Width of winding, in. = 18 — 2 X 60. Number of layers for NIS = 35/59. (74 + 79). 
margin = W. (Use next largest whole number.) 81. Total losses, watts = 80 + 14. 
23. Build-up per winding: 61. Number of layers NIS to N2S = 82. Total temperature rise, deg C = 21 
D 19 — 3 (insulation thickness) = fae ot (Use next largest x - i result aon be less ho 
Se whole number. 40 C. If it is not, choose core wit 
2 62. Number of layers N2S to N3S = next larger va rating. 
Computations (37 — $2)/59. (Use next largest 8%. Primary induced voltage = 1 — 73. 
; ; whole number.) 84. Output voltage: 
24. VA of secondary winding = 5 X 9. 63. Number of layers N3S to N4S = 
25. Allowable copper loss, watts = 17 — (32 — 37)/59. (Use next largest : a 
14. whole number.) E. = | gq X 32) — 78 
26. ne copper loss, watts = 25 X 64. Number of secondary layers = 60 
24/13. + 61 + 62 + 63. If 32 — 35 is less i t0 . sas dail :, 
27. Primary va = 24 + 14 + 26. than 59, subtract two layers from 64. eae eee aeegunes ere by 
28. Primary current, amp = 27/1. If 32 — 35 is more than 59 but 32 — a y ; 
29. 6 = 25/(2.6 X 18). 36 is less than 59, subtract one layer 83 < 32 
3.49 x1 X 108 from 64. (Use revised value of 64 as N3P = 5178 
30. N3P, turns = 1X 18 X 16.000 determined above.) + 
4 , 65. Height of secondary, in. = 64 X 48. ‘ 
(Use whole number; drop decimal.) (Use revised value of 64 as determ- Then, revert to Step 81 and repeat 
31. a, volts/turn = E3P/N3P = 1/30. ined above.) calculations. 
$2. NAS, turns = (1 + 2 X 29)5/81. 66. Height of primary, secondary, and 85- No-load output voltage = (1 X 82) 
(Use whole number.) shield, in. = 58 + 65 + 42. (This coe 
38. NIP, turns = 2 X 30/1. number must not exceed 2 X 28.) 86. Regulation = (85 — 84)/84. If regu- 
(Use whole number.) a. If the primary wire size is No. 22 lation exceeds that specified by 11, 
34. N2P, turns = 8 X 30/1. or larger, and if 2 X 28 is ex- choose next larger core size and re- 
(Use whole number.) ceeded, check height of primary peat calculations. 
35. NI1S, turns = 6 X 82/5. + secondary + solid shield as 87. A-C flux density, gauss = 
(Use whole number.) follows: 65 + 58 + 0.005. If oe 
36. N2S, turns = 7 X 32/5. this is not right, go to the 3.49 x 83 x 10! 
(Use whole number.) following condition: 4x 16 x 30 
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Table V—Typical Core Information for Transformer Design Program 
nilogdamsiaaaaatapammnanasma timate ingen bldg ietctadiantabcueaatiateannetiatinhiat 


13 14 15 16 





Nominal 
core Core loss, 


va watts lb sq in. 


Allowable 
Core weight, | Core area, | transformer 
losses, watts 


17 18 19 20 21 


Temper- 
ature rise, 
deg C/watt 


Total wind- Coil-form 
Width of ing build-up, periphery, 
coil, in. in. in. 





4 ‘ 0.19 
8 ‘ 0.34 
25 ; 0.60 0.356 
50 ; 1.06 0.595 
1.90 0.890 


0.178 
0.267 








signs. This percentage is never 100, because marginal rat- 
ings such as point A, Fig. 3, occasionally arise that might 
be designed better by a good engineer. But it is to save 
the good engineer for more complex technical problems that 
simple transformer designs are programmed on the computer. 
Hence, these special cases are dealt with by one of three 
methods: (1) altering the program to accommodate the 
marginal case; (2) providing flags to detect the condition 
and checking for better results in longhand (if size, weight 
or other attributes are important enough to warrant it); or 
(3) by using the computer design (if the difference is 
trivial) even if it deviates from optimum. 

The complete computer program for single-secondary 
transformers under 1 kv is given in Table IV. Operations 
1, la, 2, 3, etc., are items of information fed into the com- 
puter for a new transformer design. Voltages are arbi- 
trarily given as zero volts for EOP and EOS and full-rated 
voltage for E3P and E4S. Provision is for two primary taps 
(E1P and E2P) and three secondary taps (E1S, E2S and 
E3S) if taps are required. (See Fig. 1.) Voltages such as 
E3P and E1P, terminal numbers, frequency, secondary 
current, voltage tolerances, and maximum regulation all 
change with the design requirements and represent input 
to the computer. For low-voltage designs (less than 1000 
volts on either winding), a minimum of 15 mils of paper 
insulation is provided by the program for primary, shield, 
and secondary for mechanical reasons. At 70 peak volts 
per mil, this provides 1000-volt insulation whether it is 
needed or not. 

In operation 12, the core can be chosen by the computer 
from previously calculated data (Table V) stored in an- 
other section of the computer. Associated with this core 
are several properties which have been determined by previ- 
ous test or experience. These are covered by operations 
13 through 23. For a nominal flux density of 16,000 gauss, 
these cores have a limit on watts per pound of core loss 
which, multiplied by the weight of the chosen core, gives 
a stored figure (14) for core loss. The allowable transformer 
loss (17) is based on maximum rating (13). For width of 
winding (22), the margin is based on good winding practice, 
necessary to keep wire from falling into the margin and 
causing collapse of the wound coil. 

Build-up per winding, D, (23), is the allowable build-up 
for either primary or secondary, and contains allowances 
for insulation, coil form, shield, and clearances. Equal 
winding spaces are provided for primary and secondary. 
This does not provide exactly the same copper loss in both 
windings, because ordinarily there is a difference of up 
to 20 per cent in the average length of turn of the two 
windings. This difference in copper loss is at least partly 
mitigated by the fact that the outside winding cools better. 

All the information up to this point has been set up 
in the computer in tabular form, or has been fed in for a 
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0.403 2.50 
0.347 2.688 
0.507 3.352 
0.484 4.375 
0.597 4.938 


1.063 
1.313 
1.875 
1.875 
2.188 


. 





particular design. The computer goes to work with operation 
24. Succeeding operations are self-explanatory except for 
the following: 


In operation 29, the symbol 6 represents the approximate regu- 
lation for each winding, from no-load to full-load, in volts per 
volt at room operating temperature. The factor 2.6 is 2 x 1.3. 
The factor 2 is to redtice from overall regulation to regulation 
for each winding and 1.3 is the ratio of winding resistance for 
copper at 100 C to that at 25 C (the wire-table values). 

Operation 30 is an equation used when dimensions are in 
English units and flux density is in gauss. Turns N3P correspond 
to voltage E3P; turns N4S correspond to voltage E4S, etc. 

Ratios such as 38 and 39 are really functions of the magnet- 
wire table (from standard data). As used in these programs, 
they give turns per square inch of winding area VW X D, for 
each winding. It can be shown that N/WD, = (turns per inch) /- 
(wire outside diameter + paper thickness), or that the ratio 
N/WD, is a function of the wire table. This ratio is also stored 
in the computer (for wire sizes with cross-sectional areas from 10 
to 36,500 CM). The computer chooses the approximate wire size 
based on available winding space, WD, 

Operation 52 is a tabulation of standard winding practices 
which includes kind and length of leads, direction of windings, 
turn tolerances, and joint insulation. 

In operations 54 through 56 and 60 through 63, a whole layer 
is used for the number of turns between taps, even though it 
would be possible to get the required number of turns in a 
fraction of a layer. This is to allow taps to be brought out at the 
end of a layer, which is necessary on multiple-winding machines. 
However, if the taps are in the top layer, the layers may be 
reduced as in operation 64. 

In operations 58 and 65, the revised winding build-ups are 
based on actual turns rather than on space available. If total 
build-up exceeds the available space, it is caught in operation 
66, and wire sizes are then revised. If a wire shield (one layer 
of wire) has been specified, there may be insufficient room for 
it; this is also dealt with in operation 66, paragraph e. 

Primary regulation 73 is figured at 75 C, an average operating 
condition; therefore, copper resistances are multiplied by 1.2 in 
operations 73 and 78. However, to figure the total /?R in opera- 
tion 80, an additional 1.08 is used to figure the maximum copper 
loss at 100 C. Operation 87 is a check on flux density. 


The single-secondary transformer program has been modi- 
fied for several other programs. The first of these s for 
high-voltage (up to 5-kv) transformers. Where the original 
program specified the same winding insulation for all de- 
signs, the high-voltage program permits the engineer to 
specify definite thicknesses for primary, shield and secon- 
dary insulation. Correspondingly, the winding margins are 
increased. These changes affect the total winding build-up 
and coil width in operations 22 and 23. Increased space for 
the high-voltage secondary is provided in operation 24 by 
a proportionality factor. This affects the copper loss dis- 
tribution, and a new table of core properties must be used 
in place of Table V. 











Regulation xem 60 cycles 
© 0400 cycles 


per cent, and core weight,!b 





Regulation, 


200 400 600 800 1000 
Q 


At voltages higher than 5000, taping must be used, calling 
for a different type of program. For any voltage higher than 
1000, the windings may depart materially from the condi- 
tion of equal copper loss or equal winding space. In elec- 
tronic transformers, it is usually the secondary winding 
that is insulated for high voltage. From the standpoint of 
ease of winding high-voltage coils, it is preferable to place 
the secondary winding last. Of course, the core ratings for 
these high voltages are much less. Consequently, in this 
program, cores are assigned lower ratings as voltage in- 
creases. 


Multiple-Secondary Windings 


A common instance of multiple-secondary windings is 
the combined filament and plate transformer, usually re- 
quiring two or three secondaries. In setting up computer 
programs for this kind, it is most convenient to proceed 
with the secondary turns calculations first, because for 
filament voltages the transformer has only a few secondary 
turns, and one turn is a large percentage of the total. Regu- 
lation must be added to the secondary-terminal voltage in 
computing induced voltage, and again in computing primary 
impressed voltage. 

Winding space is allotted to the various windings on the 
basis of turns and circular mils per ampere (CM/amp) 
given for each core. The last or outside winding is used for 
a reference in computing secondary turns. 

Since estimated regulation must be added to required 
output voltage to determine secondary induced voltage, the 
calculated core induction on the second iteration is fre- 
quently too high. This requires an increase in secondary 
turns, and to obtain integral numbers of turns in all second- 
aries, the computing machine usually reduces core induction 
on the third iteration to a figure somewhat below the limiting 
value. Secondary turns are next computed inversely as the 
decreases in core induction and secondary voltages are 
found to be high. Then, on the fourth iteration, primary 
turns are changed accordingly. If equal CM/amp are used 
in all windings, the regulation problem is minimized, and all 
secondary voltages deviate from rated values by nearly the 
same percentage. This percentage is corrected on the fifth 
iteration. 

If total losses are exceeded, the design process is re- 
peated on the sixth iteration with a larger core. Calculation 
steps increase to factorial 174. The number of iterations in- 
creases as n!, where n is the number of secondary windings, 
but on a fast computer the increase in machine time is a 
matter of seconds. In the multiple-secondary transformer 
program, the computer provides a redistribution of winding 
space similar to that mentioned above, but based on the 
secondary va in each winding. Thus, the secondaries become 
the starting points for the program. This includes insulation 
as well as va rating. 
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Bridge type Tapped secondary 
Prim. va zl. Ege Lone Prim. vo =I.ll Egela-e 
Sec. va =1.1l Ege Loc Sec. va =1.57 Eg.cla-e 


Fig. 5 — Transformers used in single-phase rectifier circuits. 


mo 
Fig. 4— Regulation and weight of 60- and 400-cycle transformers 
compared. 


Effect of Operating Frequencies 


The foregoing program is for 60-cycle applications. For 
400 cycles, or other frequencies, it is necessary to modify 
the programs. As a practical matter, a double set of pro- 
grams, one for 60 cycles and one for 400, has been sufficient 
for the large majority of applications to date. From the com- 
puter standpoint, no additional problems are encountered 
in the 400-cycle programs. As indicated by Fig. 4, 400-cycle 
transformers weigh only a fraction of their 60-cycle counter- 
parts, but have nearly the same regulation for a given rating. 
These transformers are used in portable apparatus, where 
weight is especially important. They are characterized by 
small dimensions and high operating temperature. 

Transformers for 400 cycles are designed on another set 
of cores wound from 4-mil rather than 13-mil strip. The 
program is similar to that of the 60-cycle transformer, ex- 
cept that 80-deg temperature rise is allowed. Average am- 
bient is figured at 20 C and maximum ambient at 70 C. 
With a large operating temperature range, regulation be- 
comes important. No-load to full-load regulation is limited 
so that filament voltages may be maintained within the tube 
tolerance values throughout the operating temperature range. 
Regulation is figured at 100 C and /*R at a still higher 
temperature. A 4-mil core table replaces: Table V and a 
number of design constants are modified for 400 cycles. 


Other Considerations 


If for any reason a transformer must be enclosed, the 
rating for a given core decreases because of the temperature 
differential between the coil and the case. The ratio of the 
rating in a metal case to that in an open type of transformer 
for a given core may be less than 1 to 2. This ratio depends 
on the rating in several respects, and also on the kind of 
core material. Punched laminations would be preferable to 
Type C cores if they filled the case. If a Type C core is used, 
a double coil arrangement usually fills up the case to better 
advantage than a single coil. Each of these variations 
would require a special computer program, and therefore 
a reasonable compromise is to adopt one type of core 
material which covers most designs adequately. The kind 
of impregnating and filling material also has a large in- 
fluence on ratings. 


Rectifier Plate Transformers 


Two common types of transformers used in single-phase 
rectifiers are shown in the circuits of Fig. 5. In the case 
of bridge rectifiers, primary and secondary va are equal, 
so that the ratings are not appreciably different from those 
described for simple 2-winding transformers. In the tapped- 
secondary case, the secondary va are appreciably greater 
than the primary, and the primary winding occupies less 
space than the secondary. Regulation loss and copper loss 
are figured differently for the secondary winding; hence, 
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tor this kind of transformer, two alternatives are open: 


1. An engineer can interpret these secondary requirements and 
modify the resistive load program by reproportioning the winding 
space, 

2. A separate program can be made for rectifier transformers. 
In thyratron plate transformers, the transformer va ratings depart 
to a still larger extent from the output power, so that further 
modification is necessary. 


The need for larger space for the secondary than for 
the primary is handled by a “va multiplier,” by which the 
computer may be instructed to redistribute the winding 
space so that the secondary has approximately 41 per cent 
more winding area than the primary. For low-voltage trans- 
formers, this does not affect operation 19, Table IV, but 
does affect operations 24, 26 through 28, and subsequent 
winding calculations. 

Calculations of winding heights, width, insulation thick- 
ness, number of turns and mean length of turn provide 
sufficient data for additional calculations of leakage induct- 
ance and winding capacitances. These additional calcula- 
tions are seldom needed for simple resistive loads, and hence 
are not part of the program set forth above. In rectifier 
transformers, leakage inductance and capacitance cause in- 
creased regulation and transient voltages; it is therefore 
desirable to specify these calculations for such transformers 
and to program them accordingly. 

It is possible for the computer to test whether leakage 
inductance and effective capacitance, and their ratio, are 
within specified limits and, if not, to make corresponding 
changes in design. Alternatively, the computer may print 
out these quantities for what would be a normal design 
by the simple program. Then a design engineer uses these 
quantities for longhand calculation of regulation and tran- 
sients and changes the design for proper performance if 
necessary. The latter alternative is the more practical for 
a limited volume of rectifier transformers. The same pro- 
cedure is used for calculation of the ratio of winding-to- 
ground capacitance, which determines the distribution of 
transient voltages within the winding. 


Power-Supply Inductors 


Cores for inductors are rated in terms of L/? per unit 
volume, subject to modification by the ratio of inductance 
to coil resistance. Separate programs must be used for in- 
ductors because both a-c and d-c components of induction 
must be calculated. In designing inductors by longhand, the 
designer may use these components in any proportion, so 
long as the sum does not exceed a limit fixed by the type 
of core material. In a computer program, turns are com- 
puted from the requirements of inductance /,.,, ripple 
voltage and frequency. Then a-c induction, d-c induction, 
and air gap are calculated, and turns are adjusted until 
the inductor is within rated limits. 

The computer program for inductor design is different 
in several respects from a transformer program. The induc- 
tors programmed at Westinghouse are smoothing inductors 
for d-c power-supply filters, with Hipersil cores, and are 
for maximum peak voltages of 1000 or less. These are linear 
inductors, in which the air gap is large compared to 1,/p, 
where |, is the mean core length and yp is the core per- 
meability. For such inductors, Eqs (1), (2) and (3) below 
can be combined to yield an expression for coil turns: 


Bac = 0.6NI/l, gauss (1) 
Bac = 3.49E X 10°/fA-N gauss 
_ 3.19N*A. X 10" 
é lL, + (l-/n) 


Adding Eq (1) to Eq (2) and neglecting /,/p in 
(3) yields: 


henrys 
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yy — 10018. 75LI + 3.49K/f) 
zr; (Bae + Ba-c)Ac 


For a tentative design limit on B,_, + B,_, of 15,000 gauss, 


l BE 
= — 95 999 Cn 
N xz (1250 LI + 233 7 ) 


For the program, each core is assigned an inductor rating 


indicator, C = \/LI* X L/R. It can be shown that C is 
proportional to the fourth power of a core dimension (e.g., 
the core window width G) if the ratios of dimensions are 
maintained the same throughout the range of core sizes. 
The computer is thus provided with a sensitive indicator of 
core size, and can select a core for any rating fed into it. 

To calculate C, the following data are fed into the 
computer: 


1. Maximum winding resistance, ohms 
2. Inductance, henrys 
a. Minimum inductance multiplier 
b. Maximum inductance multiplier 
3. Current, amp 
. A-C voltage (ripple) 
. Frequency, cps 
. Allowable temperature rise, deg C. 


Items 2a and 2b are tolerances on rated inductance. This 
is,;an important matter from the standpoint of manufactur- 
ing, because cores have variations in permeability, and air 
gaps are likely to vary from unit to unit, depending on the 
size of the gap. The rated inductance is the average of the 
two limits, and inductor turns are based on this inductance. 
The equation used in the program is based on a maximum 
flux density of 15,000 gauss, which is somewhat conservative 
for Hipersil cores but allows for adjustment to be made 
later. Effective gap for each core leg may be greater than 
the actual air gap because of flux fringing around the gap, 
and hence a fringing factor of 15 per cent is included in 
the derivation. After the air gap is calculated, fringing is 
indirectly refigured and the number of reactor turns adjusted 
accordingly. Oooo 
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Design of a Magnetic Voltage Stabilizer 


SIEGFRIED LINDENA 
Northridge, California 


RELIABILITY and low maintenance are 
achieved in a magnetic voltage stabi- 
lizer by using magnetic components 
and a capacitor. A basic stabilizer cir- 
cuit is shown in Fig. 1, in which a non- 
linear saturable transformer, S7, is in 
parallel with a capacitor, C, and is sup- 
plied from an a-c source through a 
linear inductor, ZL. The elements ST 
and C constitute a ferroresonant cir- 
cuit; the load is represented as R. 

Neglecting distortion of voltage wave- 
shape, the common characteristic of 
ST and C can be derived as indicated 
in Fig. 2, for an assumed no-load con- 
dition. By selecting a number of volt- 
age levels, the common voltage-current 
characteristic of ST and C is obtained 
by adding the inductive and capacitive 
currents. The total characteristic of the 
entire stabilizer circuit at no load (Fig. 
3) is derived by introducing the volt- 
age-current characteristic of the linear 
inductor L. Since L is in series with 
the combination of ST and C, adding 
the voltages at various current values 
yields the combined curve for the sta- 
bilizer. 










t 


Output 
voltage 


input 
voltage c 


Fig. 1 — Basic circuit of magnetic voltage 
stabilizer. 
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Fig. 2—Common characteristic of ST 


and C. 
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The stabilizing action can be demon- 
strated using the total characteristic, 
Fig. 3. If input voltage e, changes to 
e,, the difference can be represented as 
Ae. The resulting operating points on 
the characteristic are A and B; the 
voltages CD and C’D’ will appear across 
L and the voltages CE and C’E’ across 
ST and C. It is seen that the change 
in output voltage across ST and C is 
represented by the difference between 
E and E’, which is much smaller than 
the input voltage change Ae. The output 
voltage change resulting from any in- 
put change is controlled primarily by 
the slope of the ST characteristic in its 
saturated region. As is evident from 
Fig. 3, a stabilizing effect occurs only 
when the voltage across ST and C 
is beyond the kneepoint, F. At this 
point, the stabilizer begins to func- 
tion; the corresponding “cut-in” input 
voltage for the stabilizer is kneepoint GC. 

Under load conditions, the “common 
characteristic of ST and C” becomes 
“the common characteristic of ST, C 
and R,” curve (b) of Fig. 4. Under 
heavier load, the curve (b) kneepoint 
moves to the right. With increasing 
load, kneepoint G also moves to the 
right, but simultaneously upward so 
that it finally reaches the lowest input 
voltage and the stabilizer loses its effect. 

The voltage across ST and C is ap- 
proximately a square wave, Fig. 5, and 
the ST current is pulsing as shown. 

Design Factors. Proper operation and 
and power capacity of a voltage stabi- 
lizer depend on components L and C. 
Experience with stabilizer design has 
shown that, for best stabilizer perform- 
ance, 


wh =0.5R (1) 

wLC = 1.57 (2) 

Component values somewhat outside 
the ranges indicated by these generali- 
zations can be used when necessary or 


convenient. Equations (1) and (2) can 
be combined: 


0.5RwC = 1.57 
and 


7 
wl ==> 


R 
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Fig. 3— Total resulting characteristic of 
stabilizer. 





Capacitive Inductive 
current current 
Fig. 4— Common characteristic of ST 


and C as affected by load: (a) no load, 
and (b) with load. 


Multiplying by E,?, where E, is the 
voltage across ST and C: 


rE2 
R 
This presents a relation between watts 


output (Np) and stabilizer volt-amperes 
(N,): 


E2wC = 


N, = «Ne (3) 
It is common practice for the output to 
be insulated from the input and to con- 
nect C to a step-up winding of the 
saturable transformer in order to use 
smaller capacitor values, Fig 6. 

Winding effective currents (rms) 
must be determined for wire size se- 
lection. In Fig. 6, referring the load 
resistor R,,, to terminals 1 and 2 and 
calling this R: 

INe ON 


ir = \Y Re ee (4) 


Current in winding 1-2 is: 
iy = in (1 +/) (5) 
hs 
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1.5EwC (6) 
V2 ir (1) 


where 


nie number of turns between term- 
inals 1 and 2 


ng number of turns between term- 
inals 1 and 3 


E\. = voltage between terminals 1 and 2 


The values given by Eqs (4) through 
(7) are valid as the input voltage 
ranges from the lowest line voltage E,,, 
to 1.5£,,. The saturable transformer 
ST is normally designed for this range. 
A wider voltage range can be covered, 
but ST core losses are increased and 
the relationships derived above must be 
modified. 

For proper operation, it is necessary 
that the cut-in voltage be lower than 
the lowest input voltage, E,,,. The volt- 
age between terminals 1 and 2 must 
be 10 to 15 per cent lower than the 
input voltage: 


lowest Ey. = (0.85 to 0.90)Exzz, (8) 


E2108 


4.44fB,A 


ny = 


where 


f = line frequency, cps 

B, = saturation flux density, gauss (for 
Silectron C-core material,* B, = 
21,000 gauss) 


A = effective iron cross section of ST 
core, sq cm 


The effective cut-in voltage under no- 
load condition is approximately 0.5E,,. 
The turns of winding 1-3 should be se- 
lected so that the capacitor C carries 
its rated voltage. 

The inductor L is designed so that it 
can absorb the lowest input voltage E£,,, 
as it will then protect the stabilizer 
against output shortcircuit. Under nor- 
mal operating conditions, the voltage 
across L is about 80 per cent of E,,. 
The inductance value of L is given by 


* Arnold Engineering Co., Marengo, Ill. 


Eq (1) or (2), and the rms current 
by Eq (7). 

Design Example. To design a voltage 
stabilizer, 100 watts and 230 volts out- 
put, with input voltage 90 to 125 volts, 
60 cycles. 

The circuit of Fig. 6 will be used. 
From Eq (3), N, = 314 va, and as- 
suming FE. = E,, = 550 volts for a 
capacitor rating of 600 volts, 


N. = E2wC 
C = 2.8 uf (use 3.0 uf) 


Correcting E, for C = 3.0 pf, 


E. = Ey = 530 volts 

i, = 0.9 amp [Eq (6)] 

Ew. = 0.9Extt = (0.9)(90) = 81 volts 
[Eq (8)] 

ir = 1.24 amp [Eq (4)] 

R = Ey/ir = 65 ohms 


The turns ratio n,./n,, = the voltage 
ratio E,,/E,, = 0.153. 


i, = 1.241 + 0.153) = 1.72 amp 
[Eq (5)] 
isee = Nr/Ew = 100/230 = 0.435 amp 


From the currents, the ST winding 
wire sizes can be determined at 17 
AWG for winding 1-2, 20 AWG for 
winding 2-3 and 24 AWG for the sec- 
ondary, 4-5. For the core, use 4mil 
Silectron C-core (use 2-mil for 400- 
cycle designs). Silectron C-core AH 34 
has the required power-handling capa- 
bility at a saturation flux density of 
21,000 gauss, with f = 60 cps. For this 
core, the effective area A = 11.6 sq cm, 
using a stacking factor of 0.9. 


Me = 125 [Eq (9)} 


Using voltage ratios as turns ratios, 
no, = 700 turns and n,, = 355 turns. 
The inductor Z must absorb E,;, = 90 
volts at 60 cycles and a flux density of 
12,000 gauss. 


wl = 33 ohms [Eq (1)] 


From Eq (7), i, = 1.76 amp, requir- 
ing wire size 17 AWG. The rating of 


Low-Cost Tachometer Generator 


F. BRYANT 

Small Motors Division 
Barser-COLMAN COMPANY 
Rockford, Illinois 


AN a-c tachometer generator for instru- 
mentation and automotion applications, 
marketed by Barber-Colman Company, 
is suitable for purposes where extreme 
linearity is not essential and the cost 
of the more common high-precision 
tachometer generator is not justified. 
As an essential part of an a-c servo 
system, a tachometer generator is 
driven by the servomotor to provide an 
output voltage proportional to motor 
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speed. The voltage is used as rate or 
velocity feedback and is normally fed 
into the servo amplifier in opposition 
to the control-signal voltage for loop- 
stabilization purposes. Any tachometer 
generator used for this purpose must 
have a substantially linear output over 
a wide range of operating speeds. The 
DYAE 11074 provides an output which 


»— 
Fig. 1— DYAE 11074 tachometer gener- 
ator closely resembles the DYAE shaded- 
pole motor, but has ball bearings and 
special rotor. 


Voltage 


Current 


Fig. 5— Voltage and current of trans- 
former ST. 


Input 
voltage 


Fig. 6— Modified circuit of magnetic 
voltage stabilizer. 


the inductor L = N, = E,,i, = 158 va. 
A 12-mil Silectron C-core is selected, 
No. AA-13. This has a core area of 4.58 
sq cm. 


turns for L = n = 615 [Eq (9)] 


Inductor air gap is selected so that 
owl, = 33 ohms. This should be adjusted 
by testing the inductor L at line fre- 
quency and a flux level of about 7000 
gauss in order to be on the linear por- 
tion of the magnetic characteristic. 
Voltage and current are measured to 
determine impedance. In assembling 
the transformer ST, the air gap must 
be kept to an absolute minimum; the 
ideal would be none at all. Because of 
material and other variations, some 
modification of ST secondary turns may 
be required. ooo 
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is very nearly linear from 700 to 3200 
rpm. 

In addition to use as a rate gen- 
erator in a servo system, the unit is 
suitable for measuring rotational speed 
of a motor shaft, and for other applica- 
tions where a voltage proportional to 
rotational speed is required. The gen- 
erator (Fig. 1) is a refinement of 
the Barber-Colman DYAE reversible 
shaded-pole motor. It has a squirrel- 
cage rotor that turns in an alternating 
field. Four shading windings are in 
series (Fig. 2) and mounted on the 








Output voltage 
@ rotor speed 


Field winding 





Excitation 
voltage 


™—Ny 


Fig. 2—Schematic of Barber-Colman 
generator. Squirrel-cage rotor turns with- 
in an alternating field produced between 
salient pole-pieces by an excitation volt- 
age. 


JOSEPH BRAZDA, Project Engineer 
Military Electronics Division 

Tue Hacuicrarrers COMPANY 
Chicago, Ill. 





Fig. 1 — Hallicrafters transistor time en- 
coder and timing-pulse generator for cor- 
relating multiple recording processes. 
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Volts per rpm —C, 


Millivolts per rpm 


0 1000 2000 


a 


a 





38 


Generated volts, phase angle and degrees X | 


Curves A,A, = 105 volts , 3.3 wotts 
Curves 8,8, = 110 volts, 3.8 watts 
Curves C,C, = 115 volts, 4.3 watts 


0 
3000 4000 5000 


Speed, rpm 


Fig. 3 — Performance characteristics apply to tachometer generator with low-impedance 
shading coils (series impedance, approx 150 ohms). Generated voltage rise is substan- 
tially linear from 700 to 3200 rpm. The phase-angle curve shows a slight increase in 
phase angle between the field and generated voltages with increased speed. For most 
applications this is of no importance, since output-voltage amplitude is the essential 


factor. 


pole pieces. Voltages induced in the 
shading windings from the field cancel 
out when the generator is at rest, giving 
a null output. When the ball-bearing- 
mounted rotor is turned, it changes the 
pattern of the field around the shading 
coils so that the induced voltages no 
longer cancel and an output propor- 
tional to rotor speed is obtained. 
Performance characteristics are shown 
in Fig. 3. Because generated voltage is 
proportional to the excitation voltage 
as well as to speed, a regulated power 
supply is recommended for excitation. 


Coded Time-Pulse Circuits for Data Correlation 


REAL OR RELATIVE time correlation of a 
number of simultaneous automatic re- 
cording processes can be simplified by 
the Hallicrafters combination time en- 
coder and pulse generator (Fig. 1) 
with a composite output signal suitable 
for both analog and digital systems. 
The 6-ke output signal (Fig. 2) is mod- 
ulated by a l-sec marker pulse, fol- 
lowed by a 20-bit binary-coded-decimal 
real-time signal and a train of 60-cps 
interval timing pulses. 








Fig. 2— Composite output signal composed of (a) 1-sec marker pulse, (b) 20-bit binary- 
coded-decimal real-time readout, starting with least significant figure (shorter spikes are 


A typical tachometer-generator appli- 
cation is in high-speed pen recorders. 
The generator is coupled directly to 
the pen drive motor; generated output 
opposes the output from the amplifier 
feeding the motor. Generated voltage is 
small in proportion to amplifier output 
until the balance point is approached, 
but near the balance point it becomes 
a larger proportion of the output volt- 
age. Since generated voltage is in 
opposition to motor-drive voltage, the 
pen motor is slowed and _ overtravel 
prevented. OO0O 


The coded signals can be applied to 
slow or fast-writing oscillographs, re- 
corders, etc. The timer has a 6-digit 
numerical time display driven from a 
common source capable of controlling 
up to 10 remote displays with a l-sec 
resolution. Continuous output of 6 ke, 
120 cps and 1 cps can be used to syn- 
chronize associated equipment. 

Timing signals are derived by scal- 
ing down the output of a 6-ke oscil- 
lator, with accuracy of 1 part in 10° 
per week, and feeding the 6-ke signal 
through a Schmitt trigger circuit to a 


(a) 


zeros and longer spikes ONES), (c) timing pulse markers at 60-cps repetition rate, and 
(d) continuous 6-ke primary frequency signal. 
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MODEL | 
PR15-10M | 
PR 38-5M rivet 
7 PR 80-2.5M | 0-80 
PR155-1M_ | 0-155 
PR 310-0.6M| 0-310 | 
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REGULATION: 


LINE: +1% for 115+10v ac line change at any 
output voltage within specified range. 

LOAD — at maximum output voltage: 

Less than 2% output voltage change for 50-100% 
load change (3% for PR 15-10M and PR 15-30M). 

Less than 4% output voltage change for 25-100% 
load change (6% for PR 15-10M and PR 15-30M). 

(See Graph below for typical load characteristics) 
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Typical Loading Characteristics 

MODEL PR 155-4 

TAKEN UNDER FOLLOWING CONDITIONS: 

1. LINE VOLTAGE EQUALS 115 RMS. we 

2. VOLTAGE CONTROL SET TO MAXIMUM Cir 
RATED VOLTAGE 


PR GROUP FEATURES: 


“FLUX-O-TRAN” 

CONSTANT VOLTAGE TRANSFORMER: 
Delivers regulated square-wave voltage to rectifier, 
improving rectifier utilization, and reducing output 
ripple. 

ADJUSTABLE WIDE-RANGE OUTPUT: 
Continuously variable voltage contro] permits out- 
put settings from 0 to maximum rating. 
OVERLOAD PROTECTION: 
Special “Flux-O-Tran” transformer and DC overload 
circuit breaker allow output to be shorted without 
damage to unit. Ideal for lighting lamps and charg- 
ing capacitive loads. 

SILICON RECTIFIERS: 

Reliable, efficient, full-wave rectification. 
CAPACITIVE FILTERING: 

Provides excellent ripple reduction and minimizes 
transient response characteristics. 

NO VOLTAGE OVERSHOOT: 

No output voltage overshoot from turn-on, turn-off 
or power failure. 


NEW 32 PAGE POWER SUPPLY CATALOG! - 


Featuring: 


@ 11 Kepco design groups including new “SM”, “HB”, 


and “PR” models. 


@ Separate listing and description of programmable 


current/voltage regulated models. 


@ Special nomograph of voltage drop vs. wire size and 


supply current. 

@ Dual index to all models: 
by DESIGN GROUP (inside front cover) ; 
by OUTPUT VOLTAGE (inside rear cover). 
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Common -input flip-flop: 
+25volts d-c 


Common input 


Split-input flip-flop: ("A" side) 


"A" input 


Fig. 3— Two variations of basic flip-flop circuit, both with 
diodes in base circuits so only negative-going pulses will cause 
switching. With the common-input flip-flop, every negative input 
pulse will cause the flip-flop to transfer. With the split input 
circuit, switching occurs only when the trigger pulse is applied 
to the base of the conducting transistor, driving it to cutoff 
(positive), after which the other transistor conducts. 


Divide-by-five circuit: Divide-by-six circuit: 


Input triggers: Input triggers: 
YOR: [ae oe oe 


cate & ee 


Collector waveforms: Collector waveforms: 


Fig. 4— Flip-flops AB and CD in both circuits have common 
inputs, while EF inputs are split. Initially, A, C and E are all 
at cutoff. In divide-by-5 circuit, first pulse drives B positive and 
A negative, sending negative pulse to E. Being cut off, E does 
not respond. Second pulse drives A to cutoff and B goes nega- 
tive, switching C and D. On third pulse, A and B reverse, send- 
ing a pulse to E, which still does not respond. Fourth pulse 
causes all units to transfer. On fifth pulse, B starts to go positive 
and A negative, injecting a pulse into now-negative E. Then E 
responds and F goes negative, feeding back a negative pulse to 
A, This prevents A from conducting fully and instead drives it 
back to cutoff. After fifth pulse, conditions are same as at start. 
The divide-by-6 circuit functions similarly. 


chain of 15 bistable flip-flops cascaded 
as a frequency divider. Unlike the con- 
ventional straight binary divider, where 
each flip-flop divides by 2 and a string 
of three flip-flops (2°) divides by 8, this 
system also uses divide-by-5 and divide- 
by-6 circuits cascaded to provide the re- 
quired submultiple frequencies: 


Divided by | 5| 5] 2} 2] 5i6l2/ 
Frequency, cps |1200/240/120|60|12/2/1| 


Two different flip-flops are employed 
(Fig. 3), each of the same basic de- 
sign: one is triggered by a common in- 
put and the other arranged with a split 
input. These are combined in the cir- 
cuits of Fig. 4 and then cascaded as 
above. 

To aid in differentiating the various 
pulses making up the composite output 
train, a definite amplitude-width rela- 
tion is established for each pulse. For 
example: the 6-kc markers have a pulse 
width of 0.167 millisec and relative am- 
plitude of 1; 60-cps marker pulse width 
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is 1.67 millisec with relative amplitude 
of 2; while the binary bits have pulse 
widths of 4.16 millisec and relative am- 
plitudes of 3 for ONE and 2 for zERO. 
Amplitudes are controlled by amplifier 
gains. For maximum stability under ad- 
verse voltage conditions, split-input bi- 
stable flip-flops were again used for con- 
trolling marker-pulse widths. Thus the 
60-cps marker is generated using a 60- 
cps trigger from the frequency divider 
as the turn-on or “A” input and a 240- 
cps signal from the frequency divider 
as the turn-off “B” input. By taking the 
“A” input from the “B” collector of the 
60-cps flip-flop and “B” input from the 
“A” collector of the 240-cps flip-flop, 
an output pulse width of ten times the 
6-ke pulse-width (0.167) is maintained 
for the 60-cps markers (1.67 millisec 
pulse width). Binary-coded time pulses 
and l-sec marker pulses are similarly 
controlled and subsequently used to 
modulate the 6-ke output signal. 

The 20-bit binary-coded time signal 
is taken from a second chain of 20 flip- 


flops. This chain breaks down the l-cps 
final output of the first frequency di- 
vider into seconds, minutes and hours. 
The first four flip-flops, comprising the 
0 to 9 sec memory, are shown in Fig. 5. 

In operation, the clock can be started 
with a 00-00-00 reading, or the memory 
can be set to the proper time by panel 
switches which set the flip-flops in the 
required state and switch the numerical 
indicators accordingly. A special circuit 
(not shown) allows automatic starting 
from WWYV standard broadcast time 
signals. WWV has a 5-millisec “tick” 
(100 cps tone) every second but the 
59th sec, and a double time tick every 
minute. By allowing a capacitor to 
charge between ticks and to be dis- 
charged by the ticks, a considerably 
larger charge builds up during the 
58th- and 59th-second intervals, with a 
resulting larger discharge current ac- 
companying the double tick. This larger 
current is used to initiate timing. 

To convert the 20-bit coded time sig- 
nal from its stored-parallel form to se- 
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A New Source for 


SAT 


TRANSISTO 


high speed switching! 
high frequency amplification! 
high temperature operation! 


@ Sprague offers a dependable source of supply 
for Silicon Surface-Alloy Transistors which are 
completely interchangeable with all others bearing 
the same type numbers. 


SILICON 
SURFACE 
ALLOY 


actual size 


@ Silicon Surface-Alloy Transistors may be op- 
erated at junction temperatures up to 140 C with 
excellent performance. Designed for amplifier 
and oscillator applications at frequencies thru 15 
mc., SAT Transistors feature low leakage currents 
and low saturation voltages. Amplifier stage gain 


Vee is exceptionally stable. At 140 C, it is within a 


v, lcBo max 


een few db of the gain at room temperature. 


e@ Hermetically-sealed SAT Transistors permit the 
design of high frequency switching circuits with 
excellent control of output levels over a wide 
temperature range. Low saturation voltages and 
high collector-to-base voltages make them partic- 
ularly suited for Direct Coupled Transistor Logic. 


@ For complete engineering data on the types in which you are 
interested, write Technical Literature Section, Sprague 
Electric Company, 307 Marshall Street, North Adams, Mass. 


*trademark of Philco Corporation 


SPRAGUE COMPONENTS 


TRANSISTORS 
CAPACITORS 

MAGNETIC COMPONENTS 
RESISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 
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THE MARK OF RELIABILITY 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 
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rial form for modulating the output sig- 
nal, two more flip-flop circuits are used, 
as shown in Fig. 6; one is a divide-by-5 
matrix switch and the other a divide-by- 
4 multiplex switch. Each bit in turn is 
gated to a common output, starting with 
the least significant bit. The matrix-mul- 
tiplex circuit is triggered on 8.33 milli- 
sec after each l-sec marker and shuts 
itself off after 20 bits have been read 
out. 

By changing crystal oscillator fre- 
quency and tapping off different flip- 
flops of the basic frequency divider 
chain (or rearranging its order), almost 
any composite timing signal can be pro- 
vided. One alternative format, for ex- 
ample, based on a 100-kc master fre- 
quency, has 1.0-millisec, 10-millisec and 
0.l-sec markers as well as the 20-bit 
real-time signal. Oooo 


; »— 
Fig. 5—Encoding and memory circuit 
for 0 to 9 sec. Initially, G, A, C and F 
are all at cutoff. Flip-flop chain recycles 
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decimal readout 
to multiplex 
matrix 
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a — seconds 
"tens" memory 
Divide-by - . aa 

circuit (Fig. 4) 


Divide-by-t' by-two 
circuit 





every 10 sec, indexing seconds “tens” memory after every tenth input pulse. Amplifiers provide decimal readout to indicator lights 
or other devices. Lines w, x, y and z yield binary-coded readout. Diode logic permits setting time-of-day by applying negative 
voltage through panel switch to set flip-flops in desired state. 


Readout trigger 


Got F 
aoe (120 cps) 


readout 
after 20 th bit 
















Common- 
coded 
output 


Index multiplex 
switch after 
every Sth bit 













Multiplex switch 
(divide-by-four circuit) 


Matrix switch toble 







+25 volts 
d-c 


i. ae switch 
(divide -by- five circuit) 


From seconds 
units memory 


(0-9) 


From seconds 
tens memory 
(0-5) 


From minutes 
units memory 


(0-9) 


From minutes 
tens memory 
(0-5) 

From hours 
units memory 


(0-9) 


From hours 
tens memory 
(0-2) 


Fig. 6—Multiplexing circuit for serial readout of binary-coded-decimal time signal. Matrix switch (A-F) is triggered on after each 


l-sec marker to scan lines a-e (in order) four times. 


Each time line e is indexed, a negative pulse triggers the multiplex switch (G-J), 


causing it to step from line 1 to 2, etc., until all 20-bit lines have been read out onto the common-coded output line, starting with the 


least significant (line w). 


160 


ELECTRO-TECHNOLOGY 





SEAL-A-METIC originates the new 


“MOLECULOC” 
sealing technique 


As Part Of A Five Point Program... 
To Give You Faultless Glass-to-Metal Seals. 


Point 1 The Moleculoc Sealing Technique 
An exclusive process that assures a faultless 
seal despite repeated bends, twists, pulls and heat. 
Point 2 Customer-Specified Design 
You design the header you need—to the tolerances 
you require. Custom-specified design means 
the seal is made specifically for your application 
—the basic requirements for a perfect seal. 
Point 3 Engineering Background 
Seal-A-Metic has assembled an engineering staff 
that ranks second to none in the hermetic seal 
industry. The key personnel were pioneers in 
the development of glass-to-metal seal technology 
and are eminent in the field. 
Point 4 New Quality Control Techniques 
Seal-A-Metic employs several new and unique 
quality assurance tests that predict potential 
faults and cull all but the perfect seals. 
Point 5 Service 
Seal-A-Metic supports its 5-point program 
with courteous counseling, rapid processing 
of orders, and prompt delivery. 


COMPANY 
HALEDON, NEW JERSEY 


| SEAL-A-METIC 


AR 8-4500 area code no. 201 Division of Filtors, Inc. 
4 Write for free Glass-to-Metal Seal Design Guide 
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Stroboscopic Digital Readout 


JACK B. MEISTER, Staff Engineer 
Kearfott Division 
GeNERAL Precision LABORATORIES 


Little Falls, N. J. 


DuRING THE past years an increasing 
number of digital display devices have 
been offered to engineers faced with the 
problem of converting output informa- 
tion into a form intelligible to human 
operators. Unfortunately, progress in 
this field has not kept pace with com- 
puter size, speed and reliability. 

The Digistrobe digital display de- 
vice* (Fig. 1) is an ingenious utiliza- 
tion of the familiar stroboscopic princi- 
ple. It provides an in-line, in-plane, 
high-definition, white-on-black display. 
Through the use of a shutter arrange- 
ment, a single diode encoding matrix 
is shared by all columns, resulting in 
substantial savings in electronic com- 
ponents and circuitry. 

In operation, a character drum (Fig. 
2) inscribed with an array of symbols 
rotates continuously at about 6700 rpm. 
Exact speed is not critical since the 
unit is self-synchronizing. In the illus- 
trated display model, the array con- 
sists of five columns of ten digits each. 
The character drum is geared to and 
rotates within an outer shutter drum 
which rotates at one-fifth the speed of 
the inner drum. 

On the shutter-drum face are five 
windows, occupying one-fifth of the 


* Designed by Norman J. Appleton. 


Shutter 





drum 


Fig. 2 


Chorocter drum 


circumference and thus corresponding 
to a single column of digits. Accord- 
ingly, each of the 50 character-drum 
digits appears consecutively in the view- 
ing area as follows: during the first 
revolution of the inner character drum, 
the digits 0-9 of the first column appear, 
remaining columns being masked by 
the shutter drum; during the second 
revolution of the inner character drum, 
the digits 0-9 of the second column ap- 
pear, remaining columns being masked 
by the shutter drum; and so on. A sim- 
ple magnetic pickup is associated with 
each drum. The outer drum generates 
signals corresponding to the column 
being displayed; the inner drum indi- 
cates through its pickup which of the 
ten digits is appearing in the viewing 
area. 

Input is supplied in parallel, binary- 
coded-decimal form. As shown in Fig. 
3, a signal from the outer-drum-column 
pickup enables associated integral gat- 
ing circuitry to select the correspond- 
ing binary-coded-decimal input digit 
and direct its signal to the encoding 
matrix. When the desired digit appears 
in the viewing area, the switching matrix 
transmits a trigger pulse to a special 
high-speed, internally-mounted strobo- 
scopic light, illuminating the digit. Be- 
cause of the frequency at which the 
strobe tube flashes (23 cps per col- 
umn), the five-digit consecutive dis- 
play appears to be fixed. The strobe 
tube produces a peak horizontal candle- 






“Strobe tube 


Viewing area 





Kearfott Digistrobe operating principle. Outer shutter drum rotates at 1/5 the 
speed of the inner character drum. Strobe light is triggered to illuminate the digits in 


a sequence which corresponds to the binary-coded-decimal input. 


162 





Fig. | -Stroboscopic display module op- 
erates on the principle of serial visitation 
of all digits for time-sharing of compo- 
nents. Character height is 0.226 in. 


power of 14,000 foot-candles, which re- 
sults in an easily readable white char- 
acter on a black background. The light 
source is shared among all columns be- 
ing displayed. Tests indicate a mini- 
mum tube life of 4000 hr. The tube 
can be replaced in approximately 5 
min. 

Full alpha-numeric and special-char- 
acter displays are easily obtainable. 
The size of the unit need not be pro- 
portionate to the number of characters: 
it is possible to reduce the size of the 
characters on the drum and then en- 
large them optically. 

For flexibility, the Digistrobe is pack- 
aged in three separate modules. The 
display module contains rotating char- 
acter and shutter drums, motor, syn- 
chronizing pulse generators and strobe 
light. In the electronics module are 
logic circuitry and encoding matrix. 
The power-supply module serves both 
logic and flash-tube circuits. Size per- 
mits mounting of readout module with 
a vertical distance of only 2 in. between 
displays while the 4-in. width allows 
side-by-side mounting in a standard 9- 
in. rack. 

Digistrobe operates directly from the 
output register of a computer, counter 
or allied equipment. Where the output 


Shutter- 
drum 
pick-up 


Choroacter- 
drum 
pick-up 


® 
QD 
=) 
w 
2 
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wn 
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encoding 


Digit pulse matrix 


Column pulse 





Fig. 3 — Block diagram of digital display 
module with solid-state logic and switch- 
ing components. Addition of an input- 
selector switch (not shown) permits one 
display module to sample several inputs. 
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MACALLEN BUILT-UP MICA 
BETTER BECAUSE OF MACALLEN 


NO OTHER MATERIAL has all the electrical insula- 
tion properties of natural mica. And no one 
knows how to make better use of them than 
Macallen! 


Macallen takes the finest natural mica — and 
— using materials and processes perfected over 
the years — produces its long-famous com- 
pressed mica sheet. 


This mica is available in almost any form or 
size... and it can be made for almost any 
punching, sawing, drilling or molding operation. 
Find out how the many advantages of Macallen 
built-up mica can solve your insulating prob- 
lems. Call or write for catalog 25. No charge 
or obligation. 


It was at the turn of the cen- Macallen Built-Up Mica makes better 
tury that the Macallen Com- insulation because mica 

pany was first launched. And 
in the intervening 60 years, 
Macallen has developed the 
manufacturing skill, special © is chemically inert 

equipment and technical 

knowledge that has made @ is unaffected by water, solvents, nearly all 
Macallen Mica a standard of acids and alkalies 

quality throughout the entire 

electrical industry. e will not burn 


@ has high dielectric strength 


The first name in mica 
for more than 60 years. 


THE MACALLEN COMPANY 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd.+ Cleveland: 1231 Superior Avenue, N.E. 
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of an existing computer is not directly 
compatible with the Digistrobe, a mod- 


ten correct this. In other cases, an in- 
tervening conversion circuit may be 
required. 

While the standard Digistrobe does 
not at this time have a memory of its 
own, a simple memory consisting of 
one flip-flop per bit can be made avail- 


Fast response time of the device per- 
mits the use of a single unit for the dis- 
play of several inputs on command; 10r 
example, latitude, longitude and head- 
ing. Maximum transition time from one 
five-digit quantity to another is 56 mil- 














ification of the encoding matrix will of- _ able. lisec. o0o0 
. s 7 

Solid-State X-Y Coordinate Display»... 

A movine, lighted image has been pro- ee ee 

duced on a 5 x 5 x -in.-thick panel 

by combining piezoelectric and electro- 

luminescent effects in a display device. »—> Transparent 

Series of horizontal and vertical lines ; oa electrode 

have been formed, with bright spots oe Steet. 
. . . . . o a - 

existing at points of intersection. Vary- caiaisinad a ‘nastitinnaed 

ing the timing of input signals causes dioulay device. Mev- phosphor 

the bright spot to move. The result is ing luminescent spots 

a controlled trace for displaying wave- _—_and lines may be pro- Non -linear 

forms. duced on 5 x 5 in. counnte 
vr . ° . material 
When a pulse is applied to one input display surface. The 

electrode (see figure), the piezo- panel, devised by 

ceramic (polarized lead  zirconate- General Telephone, input Metallic 

titanate) is stressed and traveling ™ay be used fortwo; oi-trodes ground - plone 

acoustic waves are propagated in the 2*** displays such as = 


piezo-ceramic medium. Acoustic ab- 
sorbers are used at the edges of the 
piezo-ceramic panel to avoid reflections 
by attenuating incident acoustic waves. 

The acoustic waves in the ceramic 
medium are accompanied by electric 
fields. Where input electrodes and 
associated absorbers are located at 
opposite edges of a ceramic panel, 
oppositely directed acoustic waves 
generate an electric-field maximum in 
the form of a straight-line, standing- 
wave front, between but parallel to the 
input electrodes. Location of the line 
can be shifted by varying the phase 
difference between inputs. 

If a face of the piezo-ceramic is 
coated with an_ electroluminescent 
phosphor, the phosphor will respond, 
emitting at greatest brightness where 
the electric field is a maximum. 

Input electrodes at each of the four 


Lissajous figures. 


edges of the piezo-ceramic panel are 
required for a two-axis display. Where 
two acoustic impulses intersect, the 
voltage appearing at this point is 
twice that of a single wave; therefore, 
the electroluminescent phosphor pro- 
duces an intense spot there. 

Present panels produce a display 
(in the case of a single stationary spot) 
consisting of two faint lines at right 
angles to each other. The point of 
intersection is marked by a bright spot. 

In addition to the desired spot, 
electric fields of various lesser intensi- 
ties exist on the piezo-ceramic panel 
surface. Referring to the figure again, 
Z-axis or intensity modulation of the 
display is possible when electrodes 
are placed on front and rear of the 
panel. A modulating signal is applied 





across the electrodes and may be used 
to intensify or blank the trace. 

If a non-linear resistance film is 
deposited between the piezo-ceramic 
and phosphor, the effect of the un- 
wanted fields may be suppressed by 
use of the intensity modulation elec- 
trodes. Selection of an_ intensifying 
voltage of the proper magnitude will 
create a low non-linear-resistance value 
only at the point over the desired vol- 
tage spot, hence suppressing excitation 
of the phosphor in all areas other than 
over the desired spot. Oooo 


Source: General Telephone & Electronics 
Laboratories, Inc., New York, N. Y.; and 
“Solid-State Display Device,” Stephen 
Yando, General Telephone, paper presented 
at IRE International Convention, March 20, 
1961. 





Voltage Relationships in a Simplified 
Controlled Three-Phase D-C Rectifier 


C. K. HOOPER, Advisory Engineer 
Electronics Division 

WestincHouse Etectrric Corp. 
Baltimore, Md. 


THE ADVENT of the controlled semi- 
conductor rectifier has made possible 
a convenient means for controlling the 
output of both single-phase and poly- 
phase d-c rectifiers. For many appli- 
cations, a simplified d-c three-phase 
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voltage-control system using only three 
controlled rectifiers, instead of six, can 
be used. This system will also provide 
smooth voltage control as the firing 
angle is varied. 

The controlled rectifier, such as the 
Westinghouse Trinistor, is a triggered 
switching device. With no trigger or 
control pulse applied, the device blocks 
current flow. However, with proper 


anode polarity and with a current pulse 
applied to the base, the device becomes 
conducting, permitting current to flow 
as long as the anode is of the correct 
polarity (positive). 

Once the device becomes conducting, 
conditions at the base have no further 
effect. When the anode polarity re- 
verses or the current becomes sufficient- 
ly small, the device regains its ability 
to block current flow. This blocking 
ability is retained until the anode is 
positive and the current pulse is again 
applied to the base. 

For conditions of large power output 
or where output ripple is a factor, three- 
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The Unique ASCO Mechanically Held 
Movement When the solenoid is energized, 
eccentric cam @ is rotated. Weight drive 
pin @ causes movement of operating 

lever @. Lever @ (connected to the contact 
finger block) rotates on pivot pin and 
contacts such as @ are opened or closed. 


With the solenoid de-energized, 

the entire mechanism is firmly locked 
in place by the angular position of 
the linkages—no springs, latches, or 
semipermanent magnets required! 


ASCO Mechanically Held Relay 


ASCO Electromagnetic Control 


even brute force will not release the ingenious locking 
mechanism of ASCO MECHANICALLY HELD RELAYS 


We don’t recommend using it, of course; we just want to emphasize that, short of 
deliberate destruction of the linkages, only one force can release this powerful lock- 
ing mechanism and change relay contact position. That force is normal energization 
of the solenoid coil. Nothing else will alter the angular relation of the linkages, 
which maintains positive contact pressure despite vibration, gravity, or control 
circuit failure. 


The unique mechanical movement is the heart of any ASCO Mechanically Held 
Switch or Relay. At the instant of operation, a momentary surge of electrical power 
retracts the solenoid core to rotate a cam. Momentum carries the cam beyond dead 
center, and spring-loading completes the core-return stroke to relock the relay in the 
new position. Linkage action is the same whether contacts are opening or closing; 
thus the relay is power-driven in both directions. 


Design simplicity, typified by the single-solenoid coil mechanism, and rugged, com- 
pact construction are characteristic of ASCO Mechanically Held Relays. Complex 
and less dependable elements such as hooks, latches, semipermanent magnets, or 
gravity-operated devices are not used, These ASCO relays operate in any position; 
without AC hum or chatter, and without derating for enclosure. 


The extensive ASCO line includes a Mechanically Held Relay to meet your require- 
ments precisely ; single pole or in combinations of 24 poles; single or double throw; 
10 and 25 amperes; to 250 volts DC, 600 volts AC. 


Send for Relay Catalog 57-S4, which shows you how to select the optimum relay for your specific needs. 


ASUO 


DEPENDABLE ConTroL BY Automatic Switch Co. som HANOVER RD. FLORHAM PARK, W. J. » FRONTIER 7-4600 + AUTOMATIC TRANSFER SWITCHES » SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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DESIGN Trends 





phase supplies are commonly used. The 
usual connection is a full-wave circuit 
and, when controlled rectifiers are used, 
six elements are frequently used as 
shown in Fig. 1. As the firing of the 
six controlled rectifiers is delayed, the 
d-c output voltage is reduced and the 
waveshape is as shown in Fig. 2. 

For reasons of economy and for sim- 
plicity in control, it is not always 
necessary or desirable to use six devices. 
Instead, three can be used as shown in 
Fig. 3. In this circuit there are still 
six rectifying legs, but three of the 
controlled rectifiers have been replaced 
by conventional diodes. In addition to 
reducing the number of controlled 
rectifiers and thereby reducing the 
cost, the connection in Fig. 3 simplifies 
the control; the cathodes of the con- 
trolled rectifiers are all at a common 
potential and, since at any particular 
instant the anode of only one unit is 
positive, all three can be pulsed with- 
out requiring isolation devices. In con- 
trast to this, the standard connection 
using six controlled rectifiers requires 
isolation transformers for supplying 
pulses to the base. 

The circuit using the three devices 
results in a d-c output having an un- 
symmetrical waveshape. Two forms of 
this waveshape are shown in Figs. 4(a) 
and 4(b); they correspond to 
different delay angles. Depending upon 


two 


3- phase a-c input 
2 


Readers attending the 1961 Design Engineering Show, 
Cobo Hall, Detroit, May 22-25, are cordially invited to 
SN s,s eee 


Three-phase rectifier using six controlled rectifiers. 


prrercraa 


30-deg delay 
Fig. 2—Output waveform of a_ three- 
phase rectifier with six controlled recti- 
fiers. 


delay angle, the output voltage can be 
varied smoothly from maximum to zero. 

A simple relationship exists between 
the d-c output voltage and the delay, as 
given in the following equation: 


. * 1 0S 
Ead = Esco (are =) 


where 
Ey. = d-c output voltage cor- 
responding to the delay 
angle 
Euco = d-c voltage obtained with 


zero-angle delay (this is 
the voltage that would be 
obtained with a simple 
diode rectifier) 


a = angle of firing delay 


The curve in Fig. 5 shows this re- 
lationship between d-c output voltage 
and delay angle. ooo 


»—- 


Fig. 5—Relationship between d-c output 
voltage and delay angle in a rectifier 
with three controlled rectifiers and three 
diodes. 


(a) 


(b) 


Fig. 4—Output 


phase rectifier using 


360° 


30-deg delay 


360° 


45-deg delay 


three 


rectifiers and three diodes. 


atio, 


Output voltage r 


0 
0 


3-phase a-c input 





40 80 120 
@= delay angle ,deg 





Controlled 
d-c output 
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and three diodes. 


Fig. 3—Three-phase rectifier using three controlled rectifiers 
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NOW...IMPROVED VOLATILITY CHARACTERISTICS 
IN A PLASTICIZER 


New material is designed for wire insulation up to temperatures of 105°C 


“Elastex’”’ 26-P Plasticizer (Di-tridecyl] Phthalate) is a 
new light-colored phthalate ester of keen interest to the 
vinyl compounder— particularly in the production of wire 
insulation for use at extremely high service temperatures. 

The unusual combination of properties possessed by 
“‘Elastex’’ 26-P Plasticizer is especially useful in wire insu- 
lation and other applications—where higher service tem- 
peratures than formerly possible with many monomeric- 
type plasticizers are required. 

Allied Chemical’s recommended procedures for incorpo- 
ration of ‘‘Elastex’’ 26-P in high temperature wire assure 
you of optimum working characteristics, reduced costs 
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PLASTICS DIVISION 


40 RECTOR STREET, NEW YORK 6, N.Y. ne Cae oe 


and elimination of more expensive materials. 


The following chart indicates performance: 


ACCELERATED AGING, ie ae one 
7 DAYS AT 136°C Min. 

Retained Tensile Strength, % 65 250 93 108 
Retained Elongation, % 65 0 98 90 


Volatility, % wt. loss _— S7ea 2.2 6.0 


Polymeric 26-P 


Allied Chemical is glad to assist in improving your products 
with “‘Elastex”’ 26-P Plasticizer or the many other Allied 
Chemical Plasticizers. Call our representative or write us 
direct for samples and technical data. 


Ne 
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The industrys most thoroughly characterized and 
medium power silicon Mesa transistors...2N49/A, 




























100 
o 238 MW INTERMITTENT LIFE TEST AT 150°C oa 1.02 W INTERMITTENT LIFE TEST AT 25°C 
uw MAX. 204 AMPS Ww 400 MAX. 20 .AMPS 
=. %0 SAMPLE = 20 PCS. tw SAMPLE = 20 PCS. 
= 90 th PERCENTILE > 10 90th PERCENTILE 
7 3 ; 
° 4 Qo 50th PERCENTILE 
= = 4 
S .01 S {Oth PERCENTILE 
-~ ~~ 

.001 


1 


1 2 
THOUSAND HOURS OF TEST 


THOUSAND HOURS OF TEST 










238 MW INTERMITTENT LIFE TEST AT 150°C 
SAMPLE = 20 PCS. 
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SAMPLE =20 PCS. 
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SOth PERCENTILE 


LOW hee 
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THRYOAND RUNS Or VEST THOUSAND HOURS OF TEST 


Absolute Maximum Ratings (25°C) 


Voltages 2N497A 2N498A 2N656A 2N657A 
Collector to Base Vcs0 60 100 60 100 volts 
Collector to Emitter Vcto 60 100 60 100 volts 
Emitter to Base Veso 8 8 8 8 volts 
Temperatures 
Storage Tst¢ — 65 to 200°C 
Operating Junction Ts — 65 to 200°C 
Total Dissipation 
Free Air @ 25°C — 1 watt* 
Case Temperature @ 25°C — 5 watts** 
*Derate 5.72 mw/°C increase in ambient temperature above 25°C 
**Derate 28.6 mw/°C increase in case temperature above 25°C 
Electrical Characteristics (25°C) unless otherwise specified 
D-C Characteristics 2N497A 2N498A 2N656A 2N657A 
Min. Max. Min. Max. Min. . Max. Min. . Max. 
Collector to Base Voltage 
(Ic= 100 pa, le=0) Vso 60 100 60 100 volts 
Collector to Emitter Voltage 
(Ic=250 pa) Vcro 60 100 60 100 volts 
Collector to Emitter Voltage 
(Ic= 16 ma) Vcto 60 60 volts 
Collector to Emitter Voltage 
(Ic= 10 ma) Vceo 100 100 volts 
Emitter to Base Voltage 
(le=250 pra, Ic=0) Veso 8 8 8 8 volts 
Forward Current Transfer Ratio*® 
(Ic=200 ma, Vce= 10V) re 12 36 12 36 30 90 30 90 
Base Input Resistance* 
(Is=8 ma, Vce= 10V) hie 200 200 200 200 ohms 
Saturation Resistance* 
(is=40 ma, Ic= 200 ma) rce (sat) 10 10 10 10 ohms 
Cutoff Characteristics 
Collector Current (le =0, Vcs=30V) Ico 10 10 10 10 Ha 
Collector Current (High Temperature) 
(le=0, Vcs=30V, TA= 150°C) Ico 250 250 250 250 ba 


*Pulse Test: 300 usec. 2% Duty Cycle Specifications also available for 2N497,498, 2N656,657 mesa transistors 
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tested 
Q8A, 2N656A, 5/A...come from General Electric 
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Getter and 
buffer for long 
term stability 


Retaining 
ring 


e on a super clean, super-reliability 


s transistors for missile applications 


Positive internal atmospheric control achieved through the use of General 
Electric’s buffered-sieve encapsulation technique, higher power dissipa- 
tion with lower saturation resistance and lower input impedance are impor- 
tant features of this line of top quality one to five watt audio switches. 
Especially well suited for either high level linear amplifier or switching 
applications, these are the industry’s most thoroughly characterized and 
tested medium power silicon double diffused NPN transistors available 


today. Just take a look at the extended life test charts illustrated for con- 


vincing evidence of long term stability and reliability. 


Semiconductor Products Department, Section 2096, Electronics Park, 
Syracuse, New York. 

For fast delivery of medium power Mesa transistors at factory-low 
prices in quantities up to 999 call your G-E semiconductor distributor. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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shortest 
distance 
between you 


and 
RELIABILITY ! 






ELECTRIC co. 





division of 


INDUSTRIAL TIMER CORPORATION 


RELAYS 


FOR EVERY APPLICATION 


Factory Tested for Reliability! 


GENERAL PURPOSE 
Open Type Relay. Up to 
3PDT, 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 


GENERAL PURPOSE 
Plug-In Type Relay. Con- 
tact arrangements up to 
3PDT. 5 or 10 amp con- 
tact rating. Voltages up 
to 230 volts, AC or DC. 
Details in Bulletin 10. 





PRINTED CIRCUIT Open 
Type Relay. Up to 3PDT. 
5 or 10 amp contact 
rating. Voltages up to 
230 volts, AC or DC. 
Details in Bulletin 11. 





ELECTRIC co. 





division of 


210 River Street, Orange, N. J. 
Industrial Relays, Foot Switches, Buzzers, Coils 
Phone: ORange 2-8200 
SEER ee eo gg 
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Electrical Insulation Conference 
Call for Papers 


A call for papers has been issued by 
the Technical Program Committee of 
the Fourth Annual Electrical Insulation 
Conference (Materials and Appli- 
cation) to be held February 18-22, 
1962, at the Shoreham Hotel, Wash- 
ington D. C., under joint AIEE-NEMA 
sponsorship. 

Major categories in which papers 
are requested are these: compatibility 
of insulating materials, environmental 
behavior, reliability, applications, and 
new products. 

Abstracts should be submitted 
promptly to J. S. Hurley, Jr., General 
Program Chairman. General Electric 


Co., Waterford, N.Y. 


NBS Studies High-Precision 
Connectors 


A meeting on precision connectors will 
be held at the Boulder Laboratories of 
the National Bureau of Standards, 
Boulder, Colo., on June 29, 1961. The 
objective of the meeting is to reduce 
those errors in precision measurements 
which are due to connector uncertain- 
ties in coaxial equipment at radio and 
microwave frequencies. 

Typical subjects to be discussed are 
the influence of mechanical and electri- 
cal tolerances on the residual dis- 
continuity of connectors, residual dis- 
continuities on coaxial lines and cables, 
high-precision coaxial lines, dielectric 
material for supports in connectors, 
support structures for connectors, 
power-handling capacity, upper fre- 
quency limits of connectors, adapters 
for differing diameters and impedances, 
measurement methods and _ results, 
stability and wear properties of electri- 
cal metals, surface plating and main- 
tenance, adapters to existing con- 
nectors, fabrication methods, leakage 
resistance, recommended sizes, charac- 
teristic impedance, frequency ranges, 
maximum VSWR, environmental per- 
formance, and current and anticipated 
needs. 


WESCON Industrial Design 
Competition 


Entries for the Third Annual Industrial 
Design Award Competition, held in 
connection with the August 22-25 
Western Electronic Show and Conven- 
tion, will be accepted up to Midnight, 
Friday, May 12. 

Submissions must be products of 
WEMA members or of companies 
exhibiting in WESCON booths of 


authorized representatives. Products to 
be entered must have been marketed 
before May 12 and must not have 
received prior WESCON Design awards. 
Submissions should include  photo- 
graphs of components, instruments, 
systems and other electronic products 
which show evidence of original design. 

Entry forms are available from the 
WESCON Business Office, 1435 So. 
La Cienega Blvd., Los Angeles 35. 


AIEE Packaging Industry 
Conference 


Greater operating efficiency and re- 
duced maintenance costs connected 
with packaging equipment is the aim 
of the first annual Packaging Industry 
Technical Conference to be held at 
The New Ocean House, Swampscott, 
Mass., May 15-16, 1961. To be con- 
ducted by the Packaging Industry 
Subcommittee of the AIEE, the con- 
ference will examine the problems of 
specification and maintenance of electri- 
cal equipment used in connection with, 
or as part of, packaging machinery. 


Fischer Named Chairman of 
AIEE Committee 


The new chairman of the Control Com- 
ponents Subcommittee of the AITEE’s 
Feedback Control Systems Committee 
is Peter P. Fischer of the Air Arm Di- 
vision of Westinghouse in Baltimore, 
Md. Retiring chairman is Denny D. 
Pidhayny, Aerospace Corp., Los An- 
geles. 


Computer Systems Papers Due 


The Computing Devices Committee of 
the AIEE is organizing special sessions 
on ultra-fast computer systems for the 
1962 Winter General Meeting in New 
York City. Prospective authors are 
invited to submit papers on “Kilo- 
megacycle Computing Systems” for 
presentation during the Jan. 28-Feb. 2 
meeting, and publication in the Trans- 
actions. Papers should be oriented 
toward the entire system, but may deal 
with specific aspects such as applica- 
tions, components, reliability, fabrica- 
tion methods, etc. 

The deadline for the 100-word ab- 
stract and 500-word summary is July 1, 
1961. The entire text, if to be included 
in the Transactions, is due October 30, 
1961. Additional information is availa- 
ble from J. H. Wright, Papers Chair- 
man, Div. 12, U. S. National Bureau of 
Standards, Washington 25, D. C. 


ELECTRO-TECHNOLOGY 





te = os 
cn 


peers 


eee rt 


rap! 


ipa >-o+s 


— 


Opportunities for 


circuit 
designers 


Requirements of new and continuing projects, such 
as Surveyor and supersonic interceptor fire control 
systems have created new openings for circuit 
designers. The engineers selected for these positions 
will be assigned to the following design tasks: 


1 the development of high power airborne radar 
transmitters, the design of which involves use of the most 
advanced components, 


2 the design of low noise radar receivers using 
parametric amplifiers, solid state masers and other advanced 
microwave components, 


3 radar data processing circuit design, including range ana 
speed trackers, crystal filter circuitry and a variety of display 
circuits, 


4 high efficiency power supplies for airborne and space 
electronic systems, 


5 telemetering and command circuits for space vehicles 
such as Surveyor and the Hughes Communication Satellite, 


6 timing, control and display circuits for the Hughes 
COLIDAR* (Coherent Light Detection and Ranging). 


In addition, openings exist for several experienced 
systems engineers capable of analysis and synthesis 
of systems involving the type of circuits and 
components described above. 


lf you are interested and believe that you can 
contribute, please airmail your resume to: 

Mr. Robert A. Martin, Supervisor, Scientific 
Employment, Hughes Aerospace Engineering 
Division, Culver City 33, California. 


* Trademark H.A.C. 


We promise you a reply within one week. 


Creating a new world with electronics 


HUGHES 


HUGHES AIRCRAFT COMPANY 
AEROSPACE ENGINEERING DIVISION, 








May 1-3—Electric Insulation Div., 
Electrochemical Society, Claypool 
Hotel, Indianapolis, Ind. 


May 2-4 — Electronic Component 
Conference (sponsored by AIEE, 


_ EIA, IRE and WEMA), Jack Tar 


Hotel, San Francisco. 


May 4-5 — Second National Sym- 


posium on Human Factors in Elec- 
tronics (sponsored by Professional 
Group on Human Factors in Elec- 
tronics of IRE), Marriott-Twin 
Bridges Motor Hotel, Arlington, Va. 


May 7-11— Hydraulic Conference 
(sponsored by ASME-EIC), Queen 
Elizabeth Hotel, Montreal, Canada. 


May 7-12 — Eighty-ninth Semi- 
annual Convention of the Society of 
Motion Picture and Television En- 
gineers, King Edward Sheraton Ho- 
tel, Toronto, Canada. 


May 8-9—ASME Lubrication Sym- 
posium, Deauville Hotel, Miami 


Beach, Fla. 


May 8-9 — Fifth Midwest Sym- 
posium on Circuit Theory (spon- 
sored by IRE), Allerton Park and 
Urbana campus, University of IIli- 
nois. 


May 8-10—Fourth National ISA 
Power Instrumentation Symposium, 
LaSalle Hotel, Chicago. 


May 8-10—Thirteenth Annual Na- 
tional Aerospace Electronics Con- 
ference (sponsored by IRE), Bilt- 
more and Miami Hotels, Dayton, 
Ohio. 


May 9-11 — Western Joint Com- 
puter Conference (sponsored by 
IRE, AITEE and ACM), Ambassa- 
dor Hotel, Los Angeles. 


May 9-11—Annual Power Sources 
Conference (sponsored by U. S. 
Army Signal R & D Laboratory), 
Shelburne Hotel, Atlantic City, N. J. 


May 15-16 — Packaging Industry 
Technical Conference (sponsored by 
AIEE), New Ocean House, Swamp- 
scott, Mass. 


May 15-17 —1961 National Sym- 
posium: Microwave Theory and 
Techniques (sponsored by IRE), 
Sheraton Park Hotel, Washington, 
> <c. 
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May 18-19—Electro-Optical & Rad- 
iation Devices Symposium (spon- 
sored by AIEE and IRE), California 
Institute of Technology campus, 
Pasadena, Calif. 


May 22-24 — Fifth National Sym- 
posium on Global Communications 
(sponsored by AIEE and IRE), 


Hotel Sherman, Chicago. 


May 22-24—Tenth National Tele- 
metering Conference (sponsored by 
ISA, AIEE, ARS, IAS and IRE), 
Sheraton Towers Hotel, Chicago. 


May 22-25—ASME Design En- 


gineering Conference and Show, 
Cobo Hall, Detroit, Mich. 





May 22-25 — Symposium on Com- 
puter System Large Capacity Mem- 
ory Techniques (sponsored by In- 
formation Systems Branch, Office of 
Naval Research), Department of 
Interior Auditorium, Washington, 


D. C. 


May 23 — Fractional Horsepower 
Motors Conference (sponsored by 
AIEE), Biltmore Hotel, Dayton, 
Ohio. 


June 5-9—Ninth National Plastics 
Exposition and Society of the Plas- 
tics Industry National Plastics Con- 
ference, Coliseum and Commodore 


Hotel, New York City. 


June 6-8—ISA Summer Instrument- 
Automation Conference and Exhibit, 
Royal York Hotel and Queen Eliza- 
beth Hall, Toronto, Canada. 


June 11-15—ASME Summer An- 
nual Meeting, Statler Hilton Hotel, 
Los Angeles. 


June 12-13—Third National Sym- 
posium on Radio Frequency Inter- 
ference (sponsored by IRE), Shera- 
ton-Park Hotel, Washington, D. C. 


June 14-15—Fifth National Con- 
ference on Product Engineering and 
Production (sponsored by IRE), 
Sheraton Hotel, Philadelphia. 


June 18-23 — Summer General 
Meeting, AIEE, Statler Hotel, Ithaca, 
i a 

June 19-20—Second National Con- 


ference on Broadcast and Television 








Receivers (sponsored by IRE), 
O’Hare Inn, Des Plaines, IIl. 


June 25-30—ASTM Annual Meet- 
ing, Chalfonte-Haddon Hotel, Atlan- 
tic City, N. J. 


June 26-27 — Fifth Annual Con- 
ference of Vacuum Metallurgy 
(sponsored by American Vacuum 
Society and New York University), 
NYU Heights campus. 


June 26-28—American Society of 
Heating, Refrigerating and Air-Con- 
ditioning Engineers Annual Meeting, 
Hilton Hotel, Denver, Colo. 


June 26-28 — Fifth National Con- 
vention on Military Electronics 
(sponsored by IRE), Shoreham Ho- 
tel, Washington, D. C. 


June 28-30—Joint Automatic Con- 
trol Conference (sponsored by IRE, 
ISA, AIEE, AIChE, ASME), Uni- 
versity of Colorado campus, Boulder, 
Colo. 


June 29—High Precision Conriec- 
tors Meeting, Boulder Laboratories 


of NBS, Boulder, Colo. 


July 16-22 — Fourth International 
Conference on Medical Electronics 
and Fourteenth Conference on Elec- 
tronic Techniques in Medicine and 
Biology (sponsored by IFME, 
JECMB, IRE), Waldorf Astoria 
Hotel, New York City. 


Aug. 15-17—1961 Cryogenic En- 
gineering Conference (sponsored by 
University of Michigan), Ann Arbor, 
Mich. 


Aug. 16-18—Second International 
Electronic Circuit Packaging Sym- 
posium (sponsored by University of 


Colorado), Boulder, Colo. 


Aug. 22-25—Western Electronics 
Show and Conference (sponsored by 
WCEMA), Cow Palace, San Fran- 


cisco. 


Aug. 23-25—Pacific General Meet- 
ing, AIEE, Hotel Utah, Salt Lake 
City, Utah. 


Aug. 28-Sept. 1 — International 
Heat Transfer Conference (spon- 
sored by ASME), University of 
Colorado campus, Boulder, Colo. 
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A LITE HIGH-ALUMINA 


HERMETIC SEALS AND BUSHINGS 


¢ VACUUM-TIGHTNESS 


¢ SUPERIOR 
MECHANICAL STRENGTH 


¢ HIGH TEMPERATURE AND 
HEAT-SHOCK RESISTANCE 


¢ RELIABLE ELECTRICAL 
CHARACTERISTICS 


¢ HIGH RESISTANCE TO 
NUCLEAR RADIATION 


¢ PRECISION TOLERANCES 


Transformer bushings (both high and low voltage) 

. underground cable insulators . . . power cable 
end seals . . . switchgear contact insulators — these 
are just a few of the places where Alite is solving 
reliability and maintenance problems for the 
electrical industry. 


With maximum working temperatures in the 
range 1300°-1600°C., Alite can be metallized and 
brazed to metal parts to form rugged, 
vacuum-tight seals which, in turn, can be welded 
into final assemblies. 


From design to finished part, every manufacturing 
step — including formulating, firing, metallizing and 
testing — is handled within our own plant and 
carefully supervised to assure strict adherence to 
specifications, utmost uniformity and reliability. 


* * * + 


The Alite parts and products listed at the beginning 
. : of this advertisement are typical of the special design 
Write for FREE Helpful Bulletins problems on which Alite engineers stand ready to 
Bulletin A-7R provides de- help. In addition, over 100 standard sizes of Alite 
tailed déewiption and sped. bushings in a range of types are also available to 
cations of Alite. Bulletin A-40 * 5 ‘ s 
+ describes Alite fodilities and simplify design problems, speed delivery. 
complete line of standard 
bushings. 


ALITE 


DIVISION ' New York Office 


BOX 119 ORRVILLE, OHIO 60 East 42nd St. 
389-G 
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elin AC 
calibration 
instruments 


ELIN Model VC-555 ($895.00) 





offer 3 versatile concepts to 
meet most applications! 


VC-555, a flexible unit, rugged, portable, 
for production line calibration of new-type 
differential voltmeters. 


APS-50, used with Primary Transfer 
Standards requiring continuously variable 
frequency and voltage outputs at 50 VA. 






ELIN Model DK-102 ($395.00 each) Precision Power 
Oscillators in modular systems function independently. 
Each unit gives single frequency and voltage with pre- 
cise, highly stable outputs. Shown in digital voltmeter 
calibration work at Hughes Aircraft Corp., Culver City, 
California. (Hughes Photo). Write for catalog, today! 


a 
elin DIivislom 





ELIN Model APS-50 ($2,975.00) 


INTERNATIONAL ELECTRONIC RESEARCH CORPORATION 
135 West Magnolia Boulevard, Burbank, California » Victoria 9-2481 
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BOOK Reviews 





Edited by Arnotp E. RupAHL, 
Associate Editor 


Mathematical Handbook for Sci- 
entists and Engineers, G. A. 


Korn and T. M. Korn, McGraw-Hill 
Book Company, Inc. (1961), 943 
pages, $20.00. 


Provided in this reference book are def- 
initions, theorems, formulae and mathe- 
matical methods in the fields of alge- 
bra, analytic geometry, calculus, vector 
and tensor analysis, integrals, Fourier 
analysis, Laplace transformations, dif- 
erential equations, Boolean algebra, 
probability theory, random processes 
correlation functions, numerical com 
putation and finite-difference methods 


An Introduction to Linear Statis- 
tical Models, Vol. 1, F. A. Gray 
bill, McGraw-Hill Book Company, 
Inc. (1961), 463 pages, $12.50. 

An introductory mathematical treat- 

ment of topics important to statistical 

consultants, this text discusses regres- 
sion, correlation, least squares and ex- 
perimental design. Concern is with 
mathematical treatment of statistical 
models to obtain results about various 
components, generally in the nature of 


point estimation, interval estimation 
and hypothesis testing. 
Basic Electrical Measurements, 


M. B. Stout, Prentice-Hall, Inc. 

(1960), 571 pages, $13.00. 
This second edition, designed for use 
in business and industrial training pro- 
grams, research laboratories, instru. 
ment design companies and technical 
institutes, examines measuring pro- 
cesses from the foundation material of 
d-c standards through r-f bridges and 
indicating instruments. New topics 
added: recently-developed capacitance 
standards and bridges, potentiometers 
of the microvolt type, a-c measuring 
methods and a-c/d-c transfer instru- 
ments, application of statistical methods 
to the planning of experimental pro- 
grams, and new forms of voltage stand- 
ards. 


Electronic Equipment Reliability, 
G. W. A. Dummer and N. Griffin, 
John Wiley & Sons, Inc., New York 
(1960), 274 pages, $7.50. 

This book takes the common-sense ap- 

proach of presenting a carefully or- 

ganized and documented summary of 
the state of current knowledge of the 
subject, rather than endeavoring to 
promote new concepts and methods. The 
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AMP PINBOARDS can do a host of dry circuit 
switching or commoning functions. . . permit 
numerous matrixes in one assembly. Complicated 
switching functions can be accomplished by 
simply inserting or removing a pin. 


You can use these PINBOARDS as modular 

building blocks for instrumentation applications, 

automated tooling, test equipment, data processing 
. any variety of size and grid arrangements 


in multiples of a basic 15 x 5 hole pattern. 
Contact springs can be bussed in any combination 
desired. And for safety, there are no exposed 


conducting surfaces on the rear side of the board. 


The conducting area of the pin is safely inside 
r y O board before contact is made with mating springs. 
AMP PINBOARDS are factory pre-wired to your 
specifications . . . with standard or special silk 
screen legends. Designed for simplicity . . . 


flexibility . . . reliability . . . with three 
amperes continuous current rating. 


Write for complete specifications. 
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AMP i niciaiceaes 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland e Italy e Japan « West Germany 
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Snaps easily and locks 
into panels of varying 
thickness up to ‘%” 


withstands 35 Ib. pushback test! 


Here’s a Bushing to 
meet your requirements 


# Finger pressure assembly 


@ Approved for temperatures of 302°F. 
@ Not affected by oil or grease 

@ Sizes for 1/4” to 2” mounting holes 
@ Various inside diameters 


USES: 
Insulation and mechanical protection 
for Electrical Wire & Cable, Tubing 
& Hose, Rope & Cable, Bearing Sur- 
face for Moving Parts. 


Samples are FREE = 
AC UP a lag tl emt 


NEW JERSEY 


KENILWORTH 1, 
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@ Provides complete insulation-it’s Nylon 


opening chapter defines the basic 
areas and problems of reliability. The 
ten succeeding chapters discuss the fol- 
lowing aspects of the subject: Failure 
Rates; Faults in Equipment; Tubes and 
Components; Effect of Environmental 
Conditions; Effect of Constructional 
Techniques; Circuit Reliability and 
Standard Circuits; Testing; Design- 
ing for Maximum Reliability; Human 
Engineering; Reliability Prediction and 
Calculation; Reliability in the Future. 
Tabulated and plotted data are pro- 
vided. A useful bibliography is ar- 
ranged by subjects. 

Although the authors are Britis] 
(G. W. A. Dummer is head of Com 
ponents Research, Development an 
Testing, Royal Radar Establishment, 
and N. Griffin is also associated with 
RRE) they have drawn heavily on 
well-established sources of informa- 
tion in the United States, both in in- 
dustry and the Government, in addi- 
tion to sources in their own country. 

—A.E.J. 


Thermoelectric Materials and 
Devices, I. B. Cadoff and E. Miller 
(eds.), Reinhold Publishing Corpora- 
tion, New York (1960), 844 pages. 

A survey of recent developments in 

new materials for thermoelectric de- 

vices, based on a series of lectures at 

New York University. Theory of ther- 

moelectric processes and circuits, eval- 

uation of materials, and principles of 
device design are discussed. 


Elements of Maser Theory, A. A. 
Vuylsteke, D. Van Nostrand Com- 
pany, Inc. (1960), 362 pages, $9.50 

Surveyed in this volume are the basic 
phenomena responsible for maser be- 
havior; theory of quantum mechanics, 
statistical mechanics and _ radiation 
theory; and theoretical treatment of 
masers, including two- and three-level 
excitation, maser levels in_ electron 
paramagnets, and maser noise. 


Computer Logic, I. Flores, Prentice- 

Hall, Inc. (1960), 458 pages, $12.00. 
Emphasis is on the organization and 
functional interrelation of fundamental 
units, and discussion is from the view- 
point of operational necessity rather 
than mathematical logic, Boolean alge- 
bra or circuit theory. Contains a review 
of what happens from the time the pro- 
grammer receives the problem until the 
answer is ready. 


Field Theory for Engineers, P. 
Moon and D. E. Spencer, D. Van 
Nostrand Company, Inc. (1961), 530 
pages, $12.75. 

This text employs a single mathemati- 

cal method to unify the branches of 

field theory, including electromagnetic, 
acoustical, thermal and gravitational 
fields. Separation of variables is the 
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Your choice of 
many auxiliary actuator designs 


Single-pole double-throw 
(With quick-connect terminals) 


Single-pole double-throw 


Single-pole double- throw 
(Extra-long life, mushroom head plunger) 


MAY 1961 


MINIATURE 
BUT 
MIGHTY 


... WITH NEW, HIGHER CAPACITIES! This versatile series of basic switches 
combines miniature size with new, higher electrical capacities. Switch cases and 
plungers are available in different plastic materials to meet varying requirements. 
Special high-temperature versions with synthetic mica cases withstand temperatures 
up to 600° F Contact arrangements include double-throw, normally-open or normally- 
closed, with a choice of terminals. Models are available which conform to applicable 
requirements of Military Specification MIL-S-6743. “V3” Series basic switches are 
especially adaptable to multiple cam-operated gang-mounted systems and are also 
used as switching elements in many of our enclosures and assemblies. See the Yellow 
Pages for the nearby MICRO SWITCH Branch Office or write for Catalog 63. 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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principal method by which field prob- 
lems are handled, in order to increase 
the range of practical applications by 
the introduction of additional coordi- 
nate systems. 










when you 
are up a tree 
because of a 





Books Received 


The following list of books received during 
the past month is far from complete. Al- 
though the editors of ELEcrro-TECHNOLOGY 
believe many of these books to be of 
interest to our readers, no critical evalua- 
tion is attempted at this time. 





Applied Optics & Optical Design, A. E. 
Conrady, Dover Publications, Inc., New 
York (1960), 323 pages, $2.95 (paper- 
back). 

Using and Understanding Probes, R. F. 
Graf, Howard W. Sams & Co., Inc., 
Indianapolis (1960), 190 pages, $3.95 
(paperback). 

Optics and Optical Instruments, B. K. 
Johnson, Dover Publications, Inc., New 
York (1960), 224 pages, $1.65 (paper- 

back). 

Get in touch with | Photoelasticity Principles and Methods, 

H. T. Jessop and F. C. Harris, Dover 


Publications, Inc., New York (1960), 184 


pages, $2.00 (paperback). 
| Statistical Processes and Reliability En- 
gineering, D. N. Chorafas, D. Van Nos- 
trand Company, Inc., Princeton (1960), 
438 pages, $12.75. 
Vector Analysis with Applications to Geo- 
; metry and Physics, M. Schwartz, S. 
Simplify your relay problems . . . avoid | Green and W. A. Rutledge, Harper & 
Brothers, New York (1960). 


costly delays... put your relay requirements 
in the hands of trained, competent 


engineers at Comar. A variety of standard En a ineerin g 
basic designs are available at Comar which St an o a rds 


can be modified to give you any desired 











combination of coils, switch arrangements, 





contact materials, insulation and | ASA Standards 
mounting. This can save you time and _€80.5-1960, American Standard 
: | Specification for Rigid Aluminum Con- 
money. Whatever your requirements may | duit, 50¢, covers requirements for 
be. Comar can provide you with relays | seamless rigid aluminum-alloy conduit | 
; for use as a raceway for wires or | 
custom-matched to your product. Send | cables of an electrical system and | 


specifications for conduit couplings, 
elbows, bends and nipples. Copies are 


quickly ... without obligation. Write today. | available from American Standards 
Association, Inc., Dept. PR 202, 10 E. 
| 40 St., New York 16. 
EIA Standards 
OmMal 17-2, Electron Tube Registration 


details and get our recommendations 


INTERLOCK 








List for JEDEC Type Numbers Regis- 

a tered September 1, 1960-December 31, 
1960, 25¢. 

18-2, Semiconductor Devices Regis- 

tration List for JEDEC Type Numbers 


& 
Registered September 1, 1960-Decem- 
ber 31, 1960, 25¢. 
These publications are available 


3349 ADDISON ST., CHICAGO 18, ILLINOIS from the Engineering Office, Electronic 


Industries Association, 11 W. 42 St., 
OILS «© SWITCHES +« HERMETIC SEALING New York 36. 
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PAPER PEACOCK 
Sweetest word 

in the office heard 

“that Ozalid paper's 

a colorful bird.’”’ 


The peacock, they tell us, flaunts color to win attention. (From lady peacocks, we presume). You, too, can attract attention 

with color. But in a more businesslike way. With Ozalid Sensitized Papers you can color-code any engineering or business 

system. Speed and simplify paperwork. Eliminate routing errors. Make sure important or top secret documents get instant 
action when needed. In engineering, for example, ‘blueprints no longer need be blue. 
Office systems—production control, order-invoicing, income tax returns—can be coded 
by function, status, time or destination. Sales bulletins, charts, graphs, presentations 
can be brightened... made more effective by color. Want to simplify, error-proof your 
office system? Show your colors! Our booklet ‘Color 


says so much...so much faster" tells you how. OZA LI [> 


Send for it today. Ozalid, Dept.{92, Johnson City, N.Y. WE REPEAT 


ND 
Colored Papers speed communication, cut overhead. 12 eye-catching stocks for dry Ozalid and semi-dry co Z Bm ! | Cc) 


Ozafax machines. Remember: for best results from Ozalid Whiteprinters use Ozalid Paper and Ozalid 


Supplies...we repeat; use Ozalid Paper and Ozalid Supplies. DIVISION OF GENERAL ANILINE & FILM CORPORATION 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELEc- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular ELectro-TEcH- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 





[) 922—Designing Electronic Transformers 
on a Digital Computer, May 1961, 7 pages. 
Demonstration of the iterative procedures 
used to optimize the design of a line of 
single-secondary transformers in the range 
of 4 to 3230 va core rating within limits of 
overall performance. Modifications of the 
computer program for designing rectifier 
plate transformers and linear inductors are 
included. 


[j 953—The Design Analysis of Materials, 
May 1961, 11 pages. Design analysis of ma- 
terials as a prerequisite to specification is 
examined. In the Introduction, various un- 
derlying factors are discussed and the basic 
analytical approach given; in Part 1, prin- 
ciples are applied to classes of materials in 
terms of inherent characteristics, effects of 
form and configuration, environmental prob- 
lems and cost vs intrinsic performance value; 
in Part 2, principles are applied to general 
considerations and to external factors, in- 
cluding purity of materials, effects of fabri- 
cation, and influences of research and test 
methods. 


() 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles 
of analog simulation, based on similarity of 
system equations of mechanical and electri- 
cal systems, are applied to analysis of linear 
and non-linear control systems. Methods of 
building up the analog circuit using basic 
operational amplifier with feedback are given. 


() 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Dis- 
cusses gains to be obtained in reducing 
circuit complexity and number of com- 
ponents through practical use of Boolean 
principles and Karnaugh maps. The NAND 
circuit is used as a “universal connective” 
to implement a number of sample circuits. 


0 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following 
the discussion of basic units and precision 
d-c measurements of the May 1960 article (in 
Electrical Manufacturing), the author offers 
details of standardizing methods for resist- 
ance devices: various forms of bridges, 
shunts and volt boxes. Circuits and illus- 
trations fully support the text. 


0) 927—Superconductive Circuits for Com- 
puting Machines, April 1961, 12 pages. Gain 
and time constants of wire-wound and film- 
type cryotrons (operating at temperatures 
approaching absolute zero) are compared. 
Characteristics of cross-film types are given 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


and their use illustrated as storage cells and 
as logic gates, adders and shift registers. 
Because of their minute size and very low 
power losses, wide use of cross-film cryo- 
trons is foreseen in extremely compact 
digital-computer systems. 


1] 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applica- 
tions of small compression, extension, tor- 
sion, and flat springs are considered, with 
examples worked out with the aid of estab- 
lished equations and tabular data on ma- 
terials properties. Conservative stress values 
are in line with military reliability norms 


0) 923—Stability of Epoxy-Encapsulated 
Magnet-Wire Systems—An Analysis of Com- 
patibility Factors, March 1961, 9 pages. 
Rapid increase in the use of encapsulated 
windings and coils in motors and other ap- 
plications creates a need for studies of the 
compatibility between resin encapsulant and 
magnet-wire insulation. This article reviews 
basic parameters in encapsulated magnet- 
wire system design, describes test methods 
used on compatibility studies, and presents 
summaries and interpretations of test data 
obtained from several major test programs. 


0 917—Quiet Wiring, March 1961, 4 pages 
Explanation of what causes noise due to 
electromagnetic ambient conditions. In most 
cases, noise can be reduced by proper wiring 
procedures. Examples are given. 


© 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 


Present version proposed September 
1, 1959 and adopted with interim re- 


visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to ELECTRO-TECH- 
NOLOGY, 205 E. 42 St., New York 17. 


0 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. 
A report on current advances in magnetic 
materials and their impact on design 


engineering, from the Sixth Annual Con- 
ference on Magnetism and Magnetic 
Materials co-sponsored by AIEE and AIP. 
Selected papers relating to the design en- 
gineering function are reviewed and in- 
terpreted: theoretical aspects, thin metallic 
films, oxides, high coercive force materials, 
metals and alloys, soft magnetic materials. 
Text supported by charts and graphs. 


0) 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions 
and Constant-Resistance All-Pass_ Lattice 
Networks, February 1961, 2 pages. The 
basic principles of network synthesis, as 
presented in the January 1961 issue Science 
& Engineering article, are applied to the 
synthesis of RLC transfer functions and 
constant-resistance all-pass lattice networks. 


0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 
pages. The problem of reliability assumes 
serious proportions whenever numerous 
hardware components and transmission of 
large amounts of data of an informational 
and control nature are involved. Beyond the 
very definite limits of improving of com- 
ponents, the problem must be attacked by 
use of redundant components and circuits. 
Principles of redundancy in equipment and 
coding in data transmission are discussed 
and examples given. 


0 913—Editorial Index to Electro-Tech- 
nology (formerly Electrical Manufacturing) 
for 1960, 24 pages. This yearly subject- 
classified index is completely annotated, in- 
cludes author index, plus separate indices 
for Editorial page, Design Trends, and Re- 
search Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classifica- 
tion and Alphabetical Subject Cross Index 
which form the basis of the index system. 


0 904—The Technique of Transformer 
Design, January 1961, 8 pages. For power 
transformers, including those for rectifier 
circuits, the details of design from lamina- 
tion selection through thermal aspects are 
presented. Design examples demonstrate the 
methods; dimensional and magnetic data for 
stock laminations are included. 


1 906—Bessel and Gamma _ Functions, 
January 1961, 12 pages. Basic principles of 
Bessel and gamma functions and applica- 
tions. Bessel’s equation and the Bessel func- 
tion, recurrence relationships, the general- 
ized form of Bessel’s equation, the gamma 
function, solution to Bessel’s equation and 
the Bessel functions of the first and second 
kind, modified Bessel functions and the 
method for deducing recurrence relation- 
ships, or basic identities. 


1) 910—Survey of Power Transistors, De- 
cember 1960, 6 pages. Listing of all tran- 
sisturs (made by 18 companies) rated for 
max collector current of 1 amp and over. 
Characteristics given include forward current 
transfer ratio and collector breakdown cur- 
rent. Possible applications for each type 
included. 


0) 932—Iron-Core Devices: Evaluation of 
Variable Parameters, December 1960, 5 
pages. Circuit “constants,” which are actu- 
ally functions of frequency, current, and 
other circuit conditions, must be evaluated 
by measurement, as departure from con- 
stancy may be to a major degree. Methods 
outlined for measurement of iron-core device 
inductance and resistance and for orderly 
extrapolation of test results for analytical 
use. 


[1 909—Variability in Functional Aging of 


Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
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show that commercial grades of Mylar poly- 
ester film age satisfactorily as slot insulation 
in hermetic motor systems. Classical tests 
such as density, viscosity, extractables and 
shrinkage are described, as well as a set of 
functional aging test procedures under simu- 
lated conditions. 


O 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cuit Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
Tabulation provides an at-a-glance 
“translation” from one symbolism to 
another, also the conversion from 
sums to products (and vice versa). 


(1) 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. 
Continuous computation, principles of oper- 
ation, and various functional components 
are described. A survey of typical machines 
on the market is presented, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and 
hybrid systems. 


0 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the 
new fluidized-bed process for applying elec- 
trical insulation to components and equip- 
ments. The process is explored with respect 
to design engineering and economics. Prac- 
tical applications in new designs are devel- 
oped. 


© 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement 
of rules for the manipulation of simple flow- 
graph forms, and a definition and descrip- 
tion of basic modules for simple two-port 
networks. The modular concept is expanded 
to include flow graphs representing three- 
terminal devices. These are used as modules 
to construct more complex flow graphs. 


0) 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September 
and October 1960, 19 pages. Physics of 
permanent-magnet behavior and _ design 
methods for open-circuit, permanent-magnet 
structures, followed by the more complex 
considerations involved in small air-gap 
magnet designs. The use of electrical network 
analogy methods is explored; examples sup- 
port all the design method discussions. 


O 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomographs 
(with emphasis on the latter) which can be 
used to record and display data. Specific 
instructions for constructing nomographs, 
including pivoted, unevenly spaced, and “N” 
types. 


0 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic 
parameters of design in relation to the 
nuclear environment are investigated and 
illustrated in respect to the selected mate- 
rials involved. Electrical properties of insu- 
lating materials and changes in these prop- 
erties due to nuclear radiation energies are 
examined. 
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© 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. Part I includes cabling techniques 
and performance of flat-conductor flexible 
cables. Data are given on load-carrying 
capabilities, crosstalk, r-f attenuation, and 
on shielding techniques. Part II discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. 


(1) 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre- 
distortion and reverse predistortion are ex- 
plained. Examples of uniform and non- 
uniform reverse predistortion are presented. 


© 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The funda- 
mental voltage and geometrical relations of 
the Hall effect are presented. The possibility 
of using the Hall phenomenon for angular 
function generators is investigated, and the 
various potential characteristics of such gen- 
erators considered. 


© 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This chart is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” (see p 185), 


0 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


0 950—Magnetic Amplifier Output Circuits, 
August 1960, 5 pages. A straightforward 
method for comparative evaluation of com- 
plex reversible-half-wave and reversible-full- 
wave magnetic amplifier circuits as building- 
block arrangements of basic half-wave self- 
saturating circuits. Figures of merit are 
given for over 50 output combinations. 


0) 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 100, 
101 and 102). 


O 919—Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili- 
con, and p-base silicon transistor types tested 
in an environment equivalent to that of a 
nuclear explosion. The mechanism of dam- 
age is explained and data analysis for radia- 
tion damage is given in graphs and charts. 


0 902—Critical Criteria for Precision 
Gears, July 1960, 9 pages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


0 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized. 


©) 926—Plastics Molding Materials for Struc- 
tural and Mechanical Applications, May 
1960, 11 pages. A review of plastics molding 
materials, based on structural and mechani- 
cal properties and design parameters. Newer 
materials described. Significance of test 
methods discussed. 


0 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how instrument poten- 
tiometers can be calibrated using the stand- 
ard cell and a universal ratio set. 


0 935—Precision Ball Bearings for Elec- 
tromechanical Instruments, May 1960, 4 
pages. Application factors in representative 
types of critical instruments such as servos, 
resolvers, gyro gimbal bearings and gyro 
spin motors. Bearing design, materials, lu- 
bricants, loading. life expectancy and fits are 
discussed, as related to bearings approxi- 
mately 1 in. OD and smaller. 


© 933—Copper and Copper Alloys—Their 
Properties and Design Applications, April 
1960, 9 pages. Applications of materials to 
design parameters are illustrated and devel- 
oped as related to the design needs of 
electronic equipment and systems. 


0 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, circuit performance 
unobtainable with lumped-parameter ar- 
rangements can be achieved. 


O 928—Magnetism Research Pushes New 
Engineering Developments (Parts I and II), 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: basic phenome- 
na, soft magnetic materials, permanent 
magnets, microwave components, computer 
elements and instrumentation devices. 


O 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Using AWG wire size 
as the basic parameter, time-saving coil de- 
sign charts minimize the error hazard in 
repetitive routine computations. Data pre- 
sented in graphic form apply to layer- 
wound coils and, within certain limits, to 
random windings. Derivations and examples 
of use included. 


0 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for ap- 
plication of electrical apparatus to 
machine tool and other industrial 
equipment, as adopted by the Joint 
Industry Conference held in Detroit, 
March 1957. Single reprints, no 
charge. Multiple quantities may be 
obtained at the following prices: 5— 
3.75; 10—$6.00; 25—$12.50; 5S0— 
$20.00; 100—$30.00. Send check with 
order payable to ELectro-TECHNOL- 
ocy, 205 East 42 St., New York 17. 








Science & Engineering Reprints 





Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to ELEc- 
TRO- TECHNOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title § 35 


All regular $1.00 reprints $.90 $.75 
Electrical Insulation—1960 1.80 1.60 
Automatic Control Systems 2.00 


Boolean Algebra 1.80 1.60 
Semiconductor Electronics 1.80 1.60 
The Forum 1.80 1.60 


One-Year S$ & E Subscription 
Now Available 


© For readers desiring to receive a 
reprint copy of each monthly Science 
& Engineering feature as it appears, 
an annual subscription is now avail- 
able. Subscription fee for one year 


(covering 12 monthly S & E articles) 
is $6.00. Annual subscriptions will be 
processed to start with the current 


month’s feature. (Special compen- 
diums which are not a part of the 
S & E series are not included in this 
offer.) $6.00 





() Engineering Psychology and Human Fac- 
tors in Design, May 1961, 24 pages. Engi- 
neering psychology is treated as a primary 
experimental research arm of human-factors 
engineering. The relation of man-machine- 
environment interactions to equipment and 
systems design for optimum performance is 
examined in the following fundamental areas: 
The Systems Approach, Methodology in 
Engineering Psychology, Information Sensing 
and Processing, Factors in Decision Making, 
Man and the Control Process, Human 
Vigilance, Human Skills as Systems Con- 
siderations, Environmental Stress, and Hu- 
man Interactions. $1.00 


© Quantum Electronics, April 1961, 12 
pages. An introduction to the theory of 
quantum mechanics written for the elec- 
trical engineer concerned with its applica- 
tion to solid-state devices such as semicon- 
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ductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Brog- 
lie’s hypothesis of the wave-particle duality 
of the electron. The wave equation is re- 
lated to the Schrédinger equation. Among 
other aspects considered are: observables and 
operators, eigen functions and values, the 
indeterminacy principle. $1.00 


© Semiconductor Electronics, 44 


pages plus cover. A complete refer- 
ence work for the engineer interested 
in the theory of operation of semi- 
conductor diodes and transistors and 
in the design of circuits involving such 
devices. Beginning with a discussion of 
solid-state physics, this series of six 


articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their 
working characteristics. Procedures for 
the analysis of transistor networks 
and the design of amplifier and switch- 
ing circuits are given. $2.00 





© Probability, Statistics and The Theory 
of Games, March 1961, 24 pages. Basic pat- 
terns, laws and mathematical models re- 
volving around the theory of probability 
fundamental to any field of application: per- 
mutations and combinations, probability of 
events occuring in a sample space, distribu- 
tions, random variables, the Law of Large 
Numbers, averaging, estimation, random 
processes, correlation theory, spectral analy- 
ses, the Gaussian process, construction of 
tests, games theory. $1.00 


0 Fundamental Nature of Electrical Break- 
down, February 196:, 20 pages. The 
phenomenon of electrical breakdown is ex- 
amined in its various aspects, beginning with 
classical theories of mechanisms of break- 
down and concluding with consideration of 
the influence on breakdown of the nature 
of the dielectric (primarily electron behavior 
and molecular structure). Practical design 
implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies 
are used, in addition to mathematical deri- 
vations. Basic concepts discussed are drawn 
from phenomena of breakdown in gases— 
applicable to explanation of breakdown in 
liquids and solids. $1.00 


(] The Forum: Computing Machines 
in Control Systems, 44 pages. A com- 
pendium of the following articles: 
“Computing Machines in Control 
Systems—Blocks to Communication 
and Basic Principles” (December 
1960); “Analysis of Numerical Con- 
trol Systems,” a functional descrip- 
tion of 36 representative numerical 
control systems displayed at the Chi- 
cago Machine Tool Exposition—1960 
(November 1960); “Machine Tool 
Control—Principles of Data Process- 
ing in Numerical Control of Machine 
Tools,” plus a panel discussion of 
the subject by experts from the vari- 
ous disciplines involved in the syn- 
thesis and use of machine-tool control 
systems (March 1961). Includes also 
a comprehensive one-page Bibliog- 
raphy. $2.00 





0 Introduction to Network Synthesis, Janu- 
ary 1961, 20 pages. Basic characteristics of 
network synthesis are presented and syn- 
thesis for optimum results and exact solu- 
tions is demonstrated. Frequency-domain 
synthesis of passive lumped-constant net- 
works is stressed. Includes synthesis of 
simple driving-point functions by recogni- 
tion, realizability conditions of network func- 
tions, approximation of a given curve by 
an appropriate rational function, related 
problems. $1.00 


0 Electrical Insulation Deterioration, De- 
cember 1960, 8 pages. Nature of thermally 
accelerated deterioration of electrical insula- 
tion (and other organic materials, such as 
plastics) discussed from viewpoint of prac- 
tical design engineering parameters. Among 
other aspects, relationship between deterio- 
ration process and equipment and systems 
reliability is analyzed. $1.00 


0 Electrical Noise, November 1960, 20 
pages. Major types and origins of electrical 
noise, and the effects of noise on system 
behavior. Examples given of techniques for 
evaluating system performance in terms of 
noise sensitivity and reduction. Emphasis on 
concept of noise as a random process, as 
distinguished from systematic or periodic 
interference. $1.00 





Special Combination Offer 


© Electrical Insulation — 1960, De- 
cember 1960, 52 pages, special Re- 
search and Application Report. Con- 
tains three major articles: Dynamic 
Mechanical Properties of Plastics 
Dielectric Materials, Advances in 
Flexible and Semi-Rigid Electrical 
Insulating Materials, and Research 
Progress in Dielectrics—1960. Plus: 
other articles on ultrathin films, ca- 
pacitor dielectrics, European applica- 
tion practice, international standards, 
insulation application problems and 
trends. Offered in combination with 
regular December 1960 Science & 
Engineering article, Electrical Insula- 
tion Deterioration. $2.00 





© Number—The Language of Engineering, 
October 1960, 16 pages. The theory of num- 
bers is concerned with the properties of 
integers and is used by the engineer for a 
wide range of problems, such as: the use 
of the sawtooth function to synthesize all 
types of discontinuous waveforms, the repre- 
sentation of an integer as a sum of squares, 
etc. $1.00 


0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of 
the causes, mechanics and chemistry of cor- 
rosion. Methods for prevention are outlined. 
Design considerations and types of materials 
and treatments are interpolated for control 
of specific types of corrosion encountered in 
engineering design. $1.00 


0 Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equa- 
tions of electric and magnetic fields. Propa- 
gation of microwaves in various media, in- 
cluding two-conductor, round and square 
waveguides. Principles are applied to the de- 
sign and use of the slotted line, the dummy 
load, rotary joints, and preselectors. $1.00 
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0 Basic Differential Equations, July 1960, 
20 pages. First-order differential equations 
(method of separation of variables, the inte- 
grating factor, homogeneity), higher-order 
differential equations (the differential oper- 
ator, non-homogeneous equation, Picard’s 
method, solution of equations with variable 
coefficients by power series). Application to 
basic mass-spring-damper system through- 
out, with examples. $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. System para- 
meters of dynamic states of mechanical 
systems are translated into electrical net- 
work equivalents. Reasoning behind the 
analog approach and the various analog 
forms. Included are discussions of the prin- 
ciple of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular 
analysis, and the use of distributed-para- 
meter networks (long lines) to simulate 
certain mechanical elements. $1.00 


O Introduction to Molecular Engineering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems. 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. Part II examines the ele- 
ments of the classical macroscopic approach 
to the behavior of materials as well as the 
microscopic or molecular approach. Part III 


provides extended examples of molecular 
engineering in the areas of electrical insula- 
tion, microwave amplifiers, thin-film devices 
and microminiature electronics function 
blocks. $1.00 


O Logic—and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle’s 
syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-schem- 
atic form. The article deals with methods 
applied to solve the problems of circuit 
synthesis and the fundamental ideas which 
can be applied to the design of the most 
complex circuitry. $1.00 


O Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic 
principles of radiation and detection (includ- 
ing Wien’s Law, Rayleigh-Jeans Law) are 
explained. Effect of infrared on metals, ionic 
crystals, and semiconductors. Various types 
of sources, windows, prisms, detectors, and 
spectrographs are discussed qualitatively. 
Also includes theory of use of infrared in 
practical applications. $1.00 


O Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 


of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermo- 
electric phenomena are considered: power 
generation, heating, cooling, and temperature 
sensing. $1.00 


©) Ring Binder for Science & Engi- 
neering Reprints. Readers who want 
to keep their reprint copies of the 
monthly Science and Engineering fea- 
ture both safe and handy will want 
this maroon-colored binder made of 
flexible, Morocco-grained leatherette 
stamped in gold. The standard 1%-in. 
rings will accommodate about twenty 
S & E reprints. $2.50 


O Network Analysis, January 1960, 28 
pages plus cover. A discussion of present- 
day practices in network engineering and 
their theoretical background. Network the- 
ory as a coherent and unified study is 
stressed, as contrasted with the less power- 
ful and less useful traditional approach to 
circuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


(i Determinants and Matrices, December 
1959, 20 pages plus cover. The principles 
treated apply to all problems involving 
numerous mathematical statements. In- 
cluded are specific rules for the use of 
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Circle 175 on Inquiry Card 


determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher- 
order systems, and the underlying principles 
of matrix algebra. Examples demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 
hand. $1.00 


©) Sampled-Data Systems, November 1959, 
20 pages plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Use of the nor- 
malized sT plane for analyzing sampling 
adequacy, “pseudo-sampling” for determin- 
ing between-sample response and the use of 
the z transform for table-generating func- 
tion. $1.00 


O Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
Basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. $1.00 


O Digital Methods in Measurement and 
Control, September 1959, 20 pages plus 
cover. Covers: (1) characteristics and ad- 
vantages of the digital approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage; (4) dig- 
ital measurement devices; (5) digital con- 
trol actuators. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition and condensation polymers; the theo- 
retical basis for mechanical, electrical and 
chemical properties of polymers. $1.00 


© The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices. $1.00 


© The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The major types 
of vibration are discussed (periodic, random, 
structural and airborne); also the major 
types of shock (velocity, simple impulse, 
single complex and multiple). A section is 
devoted to the effects of shock and vibration 
on missile electronic components. Types of 
damage are analyzed; principles of testing 
given; specifications summarized. $1.00 


O Key to Metals in Design Engineering, 
May 1959, 24 pages. Basic principles of 
metallurgy and structural characteristics of 
metals are related to design concepts. The 
effects of environment and mechanisms of 
damage are illustrated. Iron and steel, alu- 
minum, precious and rare metals, copper, 
nickel and magnesium are presented in their 
basic design relationships to fundamental 
properties. $1.00 


OC) Heat Flow Theory. April 1959, 20 pages. 


Basic equations for conduction, convection 
and radiation are derived. Dimensional anal- 
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ysis used to establish the parameters and the 
various “numbers” (Reynolds, Prandtl, Nus- 
selt, Graetz, etc.) involved in convection 
expressions. Examples chosen from elec- 
trical and electronic (transistor) applica- 
tions. $1.00 


O Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Includes: Origins of 
Ferromagnetism, Internal Structure of Fer- 
romagnetic Materials; Magnetization Curves; 
Time Effects in Soft Magnetic Materials; 
Effects of Atomic Ordering in Alloys; Inter- 
actions for Heterogeneous Systems. $1.00 


O Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. A thorough theoretical 
background on Fourier analysis is presented 
plus a discussion of the areas of application 
with specific examples to point up particular 
problems often encountered. Permits system 
devices to be designed or selected for a par- 
ticular transient performance on basis of 
steady-state sinusoidal action. $1.00 


————— COMPENDIUMS 


© Digital Computing Machines, October 
1960, 28 pages. A series of four articles in- 
terpreting research and development on 
Glossary of terminology. Tabulation of 
special world-wide survey of digital comput- 
ing machines presents essential characteristics 
of digital computing machines in production 
and in advanced stages of development. 
Principles of operation and applications for 
design engineers. $1.00 


(1 Transformer Materials for Extreme En- 
vironments, March, April, May and June 
1960, 28 pages. A series of four articles in- 
terpreting research and development on 
small transformers designed to operate under 
extreme environments of 500 C_ tempera- 
ture and nuclear radiation. Work carried 
out under Air Force and Bureau of Ships 
contracts presents data on: electrical insula- 
tion materials, magnet wire (both wire and 
insulation), magnetic core materials, and 
transformer structural materials. $1.00 


© Automatic Control System Design, 64 
pages plus cover. A practical textbook on 
the design of servomechanisms. In the proc- 
ess of describing design by transfer function, 
system equation, and root-locus methods, 
techniques of analysis such as Bode dia- 
grams, Routh’s criterion, and Nyquist plots 
are also presented. Includes background 
material on complex variables and Laplace 
transforms, bibliography for further study. 
Originally published in ELectricaL MANU- 
FACTURING as a series of six articles. $3.00 


©) Engineering Applications of Boolean 
Algebra, 68 pages. A design guide to the 
analysis and synthesis of switching circuits 
and logic systems—both combinational and 
sequential—in any medium: mechanical, 
electrical, hydraulic, electronic or solid state. 
Includes five previously published articles 
plus a never-before-published appendix. 
$2.00 


O Slide Rule Mathematics, 20 pages, plus 
4 practice slide rules printed separately. 
Logical development of the slide rule’s fun- 
damentals and complete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry; The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions; 
Phasor Calculations; The Circular Slide 
Rule. $1.00 
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NEW 


SLIDE 
SWITCH 


PLANNED PERFECTION 
RUGGED ¢ COMPACT 
DEPENDABLE 


Circle F announces a new, high reliability slide switch. A product of 
advanced engineering techniques, this new switch features silver alloy 
contacts and silver plated rockers, with the entire mechanism en- 
closed in a dust free, Hi-lmpact thermosetting plastic case 


Slow make — Slow break precision operation 
Specialiy designed non-welding contacts 


This built-in ruggedness provides the long-lasting dependable ser- 
vice so typical of Circle F products 


The new Switch — SPST — is available with screw terminals or 
with lugs designed for both soldering and push-on tabs 


It offers 2 hole mounting e 10 amp 250V A-C—15 amp 125V A-C 
e 3 amp 250V A-C— 6 amp 125V A-C 
Special ratings on request 
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SILICONE NEWS from Dow Corning 





New Silicone Varnishes 








Simplify Processing of Equipment 
With Low Temperature Cure Silicones 


New Dow Corning Silicone Varnishes facilitate quicker, lower-cost process- 
ing of silicone insulation systems for motors, transformers and electronic 
units. Reason: these new varnishes cure in only six hours at 150C.. . 
develop full bond strength at 50 C less than conventional high tempera- 
ture curing silicone varnishes. 


Manufacturers equipped for Class A or B insulation systems are auto- 
matically equipped to handle these new Dow Corning low-temperature-bake 
Class H varnishes. 


There are other advantages. Run-off is very slight. Compared to other 
varnishes, the new silicone varnishes give adequate buildup to the desired 
insulation thickness while reducing varnish waste and cleanup time. 
Result: big savings in processing time and equipment maintenance. 


Heat stability is even better than for silicone varnishes previously avail- 
able. The new varnishes meet AIEE heat stability requirements for both 
180 C and 220C systems, resist moisture and are unaffected by many cor- 
rosive atmospheres. 


When used with other silicone insulating components, the new Dow 
Corning Silicone Varnishes help make motors, transformers and electronic 
servo-mechanisms smaller, lighter, more reliable and virtually maintenance- 
free. Write today for complete data. 





Less Runoff, Other Advantages 


In addition to curing in 6 hours at 150 C, 
the new Varnishes have excellent tank sta- 
bility and will not soften, swell or deteri- 


_? 


orate most insulating materials, including 
silicone rubber. They combine good pen- 
etration with low run-off and low curing 
temperatures . . . features that add up to 
substantial economies. 

Circle 177 on Inquiry Card 





The nearest Dow Corning office is your 
number one source for information and 
technical service on silicones. 
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...upgrade equipment performance 


L 


Fulltime, Resilient Protection 


Encapsulating these motor end turns with Silastic® RTV, 
the fluid silicone rubber that cures without heat, produces 
a clean-cut, void-free protective jacket that locks out dust, 
dirt, moisture, abrasives, many chemicals and corrosive 
atmospheres. 


The Silastic RTV used in this application pours bubble- 
free . . . flows smoothly into all crevices . . . leaves no 
weakening air holes. Ili bonds tightly to primed surfaces 
and vulcanizes into a void-free, homogenous silicone 
rubber wall. 


Silastic RTV expands and contracts with windings and 
laminations . . . will not hairline crack . . . is equally suit- 
able for Class A, B. F, or H insulation systems. 

Circle 178 on Inquiry Card 


Contact the nearest Dow Corning 
Authorized Distributor. He’s your 
best source for Silastic RTV and 
other quality-produced, perform- 
ance-engineered silicone materials. 


East Rochester, N. Y. 


New York 11, N. Y. 


Butts Electric Supply Company 


Oklahoma City, Oklahoma 


C. D. LaMoree Company 
Los Angeles 15, California 


C. E. Riggs, Inc. 
Portland, Oregon 


Earl B. Beach Company 


AUT Pas UU bat SHULL 


> E & H Electric Supply Co. 
Louisville 3, Kentucky 


Allied Electrical Insulation, Inc. 


Brownell Electrical Insulation 


Pittsburgh 21, Pennsylvania 


Assure Lubricity at 300 F 


Engineers take no chances with the bearings in these anode 
feed motors. Proper operation is vital to production, and 
ambients are in the order of 300 F! That’s why Dow 
Corning silicone lubricants are specified for the ball bear- 
ings on all 960 motors. 


The reason: silicone grease won’t bleed out, run off or car- 
bonize when high ambients push operating temperatures 
beyond the safe limits of ordinary greases. Dow Corning 
silicone lubricants remain effective long after the best 
organic oils and greases have oxidized . . . give products 
exceptionally long “shelf life” . .. keep warranty costs 
low ... assure trouble-free operation regardless of temper- 
ature or length of service. 

Circle 179 on Inquiry Card 


Prehler Electrical Insulation Co. 
Chicago 39, Illinois 


Electrical Insulation Suppliers, Inc. 
Atlanta, Georgia 


Robert McKeown Company, Inc. 
Livingston, New Jersey 


Electrical Maintenance Equipment Co. 
Philadelphia 23, Pennsylvania 


Summers Electric Company 
Dallas 1, Texas 


Insulation and Wires Incorporated 
St. Paul 1, Minnesota 


The Electric Motor Supply Co. 
Baltimore 2, Maryland 


Insulation Manufacturers Corporation 
Chicago 6, Illinois 


The Huse-Liberty Mica Company 
Peabody, Massachusetts 


J. R. Christensen Agency 
Salt Lake City 11, Utah 


McNaughton-McKay 
Detroit 4, Michigan 


Tri State Supply Corporation 
Los Angeles 13, California 


White Supply Company 
St. Lovis 10, Missouri 


National Electric Coil Company 
Columbus 16, Ohio 


CORPORATION MIDLAND, MICHIGAN 


branches: 


ATLANTA 


MAY 1961 


BOSTON 


cricaco CLEVELAND OALLAS LOS ANGELES NEW YORK WASHINGTON, O.C 
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LITERATURE for the Design Engineer 





All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


Exhibitors at May Design-Engineering Show 


SELF-LOCKING FASTENER 


Fold-out brochure, six pages, offers in- 
formation on 14-turn fasteners and 
components. Includes descriptions of 
three types of fasteners and applica- 
tions. Fastener materials and finishes 
meet military specifications. (Displayed 
in Booth 428.) Dzus Fastener Co., Inc., 
125 Union St., West Islip, N.Y. 

Circle 756 on Inquiry Card 


SEALS AND ADAPTER RINGS 


Two-page data sheets describe DW 
pressure seals and “Sealsaver” adapter 
rings for pressures to 2000 psi. In- 
clude application data, cross-sections 
available and mechanical characteris- 
tics. Tensile strength of adapter ring 
is 9100 psi. (Displayed in Booth 105.) 
Greene, Tweed & Co., North Wales, Pa. 

Circle 757 on Inquiry Card 


FLEXIBLE COUPLINGS 


Catalog 61A, 22 pages, offers detailed 
information on couplings for use from 


fhp to 8500 hp. Includes brake-drum, 
flange-mounted and radially removable 
types. Lists sizes, hp ratings and de- 
tailed dimensions. (Displayed in Booth 
1044.) Lovejoy Flexible Coupling Co., 
4945 W. Lake St., Chicago, 44. 

Circle 758 on Inquiry Card 


SNAP-ACTION SWITCHES 


Catalog 560, 20 pages, reviews line of 
snap-action, reset and momentary 
switches. Describes electrical ratings, 
operating characteristics; includes de- 
tailed drawings. Mounting brackets 
and optional terminal arrangements are 
shown. (Displayed in Booth 1118.) 
Cherry Electrical Products Corp., 1650 
Deerfield Rd., Highland Park, III. 
Circle 759 on Inquiry Card 


SOLENOID VALVES 


Catalog 108, 16 pages, describes Series 
SV-51 direct-operated solenoid valves 
for corrosive applications. Information 
is included on valve selection, con- 


struction and component specifications. 
Units are NC or NO, rated for 3 to 
130 psi. (Displayed in Booth 1243.) 
Valcor Engineering Corp., 365 Carnegie 
Ave., Kenilworth, N. J. 

Circle 760 on Inquiry Card 


INVESTMENT CASTINGS 


Four data sheets, “Engineering Slants,” 
each two pages, contain information 
on design and fabrication techniques 
of investment castings. Subjects covered 
include cost, tolerances, X-rays as in- 
spection devices and heat treating 
processes. (Displayed in Booth 1025.) 
Hitchiner Mfg. Co., Inc., Milford, N.H. 

Circle 761 on Inquiry Card 


COORDINATE DRAWING MACHINES 


Brochure, eight pages, offers informa- 
tion on “Coordinatographs” for draw- 
ing and plotting that are accurate to 
within 0.0012 in. Includes applications, 
photographs and detailed descriptions 
of units and accessories. (Displayed in 
Booth 1127.) Unitech Corp., 50 Colfax 
Ave., Clifton, N.J. 

Circle 762 on Inquiry Card 


nee 


ELECTRICAL CONTROL SYSTEMS 


Six-page brochure shows typical con- 
trol-panel installations for general in- 
dustry, special equipment units and 
standard fabrications. Illustrated with 
photographs. Semco Electric Controls, 
Inc., P.O. Box 7624, Houston 7. 

Circle 763 on Inquiry Card 


D-C AND A-C POWER SOURCES 


Brochure entitled “Specialized Power,” 
16 pages, describes and pictures de- 
sign, construction and application of 
specialized supplies in very general 
terms. Contains pictures of silicon, 
selenium and germanium rectifiers and 
description of manufacturing facilities. 
A. O. Smith Corp., Specialized Power, 
143 So. Jackson St., Elkhorn, Wis. 
Circle 764 on Inquiry Card 


MAGNET WIRES 


One-page Engineering Bulletin 410 de- 
scribes ultra-high-temperature wires of 
nickel-flashed copper, 10 per cent 
nickel-plated single silicone and 27 per 
cent nickel-clad silicone Ceroc wire. 
Respective hot-spot ranges: 250 to 300 
C, 300 to 350 C, and 350 to 500 C. 
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Sprague Electric Co., North Adams, 
Mass. 
Circle 765 on Inquiry Card 


THERMOSTATS 


Bulletin 3500, four pages, describes 
and illustrates bimetal disk units used 
in refrigerators, heaters, motors, etc. 
Contains technical details on optional 
features such as available terminals, 
terminal mountings and flange-mounted 
assemblies. Includes ranges,  toler- 
ances, differentials, ratings. Stevens 
Manufacturing Co., Inc., P.O. Box 
1007, Mansfield, Ohio. 

Circle 766 on Inquiry Card 


TRANSFORMER- AND COIL-WINDING 
MACHINES 
Catalog 61-HD, 12 pages, illustrates 
and gives full technical details on 14 
heavy-duty, field-winding machines and 
three heavy-duty tensions. Geo. Stevens 
Manufacturing Co., Inc., Pulaski Rd. 
at Peterson, Chicago 46. 

Circle 767 on Inquiry Card 


EPOXY RESINS 
Bulletin GP-1.0, five pages, and Bulle- 


tin TI-1.1 describe in detail “Tipox” 
thermosetting liquid resins for durable, 
chemical-resistant coatings; tough di- 
mensionally stable castings; and high- 
strength structural adhesives. Thiokol 
Chemical Corp., 780 No. Clinton Ave., 
Trenton, N.J. 

Circle 768 on Inquiry Card 


SILICONE INFORMATION 


Illustrated 16-page booklet describes 
properties and uses in consumer and 
industrial applications. Includes de- 
scriptions of fluids, resins, rubber com- 
pounds, water repellents, anti-foams 
and emulsions and their adaptability 
for many uses. Silicones Div., Union 
Carbide Corp., 270 Park Ave., New 
York 17. 

Circle 769 on Inquiry Card 


ABS PLASTIC APPLICATIONS 


Entitled “Kralastic for Product Engi- 
neering and Design,” 28-page _ illus- 
trated booklet contains physical and 
chemical properties for the family of 
high-impact, moldable ABS plastics. 
Includes design information on many 
products made from this material. Nau- 


ELECTRO-TECHNOLOGY 








Belden Cords lead to the leading appliances 


..and electrical equipment 


Expensive mold costs can usually be saved by adapting a Belden 

standard to your cord design. The Belden cord line is complete. It 

includes hundreds of standard plugs, connectors, and strain reliefs 

that can be molded in rubber, vinyl, or neoprene. Patented Belden 

Grip Prong Plugs are an added plus feature. Here’s how they work— 
GRIP PRONGS* expand .. grip sides of the slot 


You get positive electrical contact..even in worn outlets 
There's no strain .. no damage to electrical outlets 


*Belden Grip Prongs — U.S. Patents: 2,439,767; 2,671,205 
Canadian Patents: 438,585; 506,946 


MAY 1961 


Belden 


+. One wire source for everything 
electrical and electronic 


magnet wire « lead wire « electronic 
wire * control cables 





gatuck Chemical Div., United States 
Rubber Co., Naugatuck, Conn. 
Circle 770 on Inquiry Card 


GLASS-POLYESTER INSULATION 


Brochure B8216 is an eight-page selec- 
tion guide for water-resistant glass-mat 
laminates and molding compounds for 
Class B insulation applications. Fea- 
tures: light-weight, flame retardance, 
are and track resistance for reliability 
in contaminated atmospheres. Westing- 
house Electric Corp., Micarta Div., 
Hampton, S.C. 

Circle 771 on Inquiry Card 


TEMPERATURE-REGULATING DEVICES 


Catalog 360, 32 pages, describes heat- 
ers, mercury thermo-regulators, and 
pumps for controlling air or liquid 
temperatures. Thermo-regulators cover 
a temperature range of —30 to +250 
C, control temperature to within +0.005 
C. Includes photographs and specifica- 
tions of series of devices. American In- 
strument Co., Inc., 8030 Georgia Ave., 
Silver Spring, Md. 

Circle 772 on Inquiry Card 


FREQUENCY-DEVIATION METERS 


Two-page Data Sheet 8-1 offers infor- 
mation on line of panel meters for 
measuring frequencies from a-c power 
lines and rotating machinery. Units 
cover ranges of 57 to 63 cps and 380- 


420 cps. Includes electrical and dimen- 
sional specifications. Anadex Instru- 
ments, Inc., 14734 Arminta St., Van 
Nuys, Calif. 

Circle 773 on Inquiry Card 


SPRING-TENSION FASTENERS 


Brochure, four pages, summarizes 
classes of fasteners and applications. 
Illustrations show designs for clamps, 
latches and locks, snap rings and spring 
washers. Examples demonstrate how 
flat stampings simplify design, cut 
costs and improve reliability. Associated 
Spring Corp., Bristol, Conn. 

Circle 774 on Inquiry Card 


AUTOMATIC-RESET IMPULSE 
COUNTER 


Bulletin N-310, four pages, describes 
Series 310 impulse counter for indus- 
trial processes. Included is data on 
construction, application, installation, 
specialized functions, electrical data 
and basic circuit arrangements. Auto- 
matic Timing & Controls, Inc., King 
of Prussia, Pa. 

Circle 775 on Inquiry Card 


VOLUME, DENSITY, POROSITY 
MEASUREMENT 

Application Data Sheet P-8072, two 
pages, describes capabilities of Model 
930 pynconometer for measurement of 
volume, density, and porosity. Includes 


thorough discussion of types of densi- 
ties and their methods of measurement. 
Pynconometer requires no electrical 
power, gas pressure, or temperature 
control for operation. Beckman Scien- 
tific and Process Instruments Div., 2500 
Fullerton Rd., Fullerton, Calif. 

Circle 776 on Inquiry Card 


POWER SUPPLIES 


Four-page brochure presents informa- 
tion on frequency changers, power sup- 
plies, converters and inverters. Convert- 
ers are both regulated and unregulated; 
inverters have sine- and square-wave 
outputs. Details physical data, elec- 
trical characteristics. Bergen Labora- 
tories, Inc., 60 Spruce St., Paterson 
‘A. . 

Circle 777 on Inquiry Card 


ACCELEROMETER FREQUENCY 
CALIBRATION 


Technical Review 3, 28 pages, entitled 
“Vibration Exciter Characteristics,” de- 
scribes electrical and mechanical per- 
formance characteristics of high-fre- 
quency calibration exciter Model 4290. 
Problems and techniques of calibrating 
accelerometer frequency response from 
20 cps to 30 ke are discussed. Illus- 
trated with tables, diagrams and draw- 
ings. B & K Instruments, Inc., 3044 W. 
106 St., Cleveland, Ohio. 

Circle 778 on Inquiry Card 


Specifying LAMINATED PLASTICS...as sheet, 


TAYLOR FIBRE CO. BELONGS 
IN YOUR SPECIFICATIONS 


Taylor has the products: .. offers more 
than 50 grades of industrial laminated 
plastics . . . including paper, cotton cloth, 
nylon, asbestos, glass cloth, or other base 
material impregnated with phenolic, mel- 
amine, silicone or epoxy resins and formed 
into sheets, rods and tubes under heat 
and pressure. Also a number of composite 
materials, including copper-clad laminated 
plastics, vulcanized fibre and laminated 
plastics, rubber and laminated plastics, 
asbestos and laminated plastics, and alu- 
minum and laminated plastics. 


Use this Taylor Selection Guide to make 


selections of 


the Taylor laminated 


plastics that will fit your requirements. 


ELECTRO-TECHNOLOGY 





SILICONE-INSULATED CABLE 


Brochure, four pages, provides infor- 
mation on conductor cable for military 
and nuclear uses. Discusses case histor- 
ies involving radiation-resistant cables 
and switchboard wire using silicone- 
rubber insulation. Brochure includes 
performance data, wire sizes, and mili- 
tary specifications. Boston Insulated 
Wire & Cable Co., Bay St., Boston 25, 
Mass. 

Circle 779 on Inquiry Card 


MAGNETIC-PARTICLE INSPECTION 


Sales Bulletin RF-1000, four pages, 
presents information on magnetic-par- 
ticle non-destructive inspection device. 
Control of magnetic field strength is 
possible; unit allows part to be de- 
magnetized. Weighs 33 lb; measures 
9 x 10 x 16 in. The Budd Co., P. O. 
Box 245, Phoenixville, Pa. 

Circle 780 on Inquiry Card 


TRANSDUCER OUTPUT METER 


Bulletin 103-A, two pages, describes 
Model 470 meter-indicator which gives 
output readings of strain-gage trans- 
ducer outputs. Unit provides continuous 
indication of pressure, torque, force, 
or flow when used in conjunction with 
bonded or unbonded transducers. By- 
trex Corp., 50 Hunt St., Newton 58, 
Mass. 

Circle 781 on Inquiry Card 


PLASTIC MOLDING AND MACHINING 


Booklet, six pages, details study of 
factors that determine when to mold 
or machine plastic parts. Reprint pre- 
sents illustrated case histories of pro- 
duction parts; general rules for calcu- 
lating break-even points are given. 
Cadillac Plastic & Chemical Co., 15111 
2nd Ave., Detroit 3, Mich. 

Circle 782 on Inquiry Card 


AUTOMATIC BALANCE 


Brochure 104A, four pages, describes 
weight balance which has electric out- 
put for continuous recording of sample 
weights. Readings can be permanently 
recorded on chart paper. Recorder 
capacities range from 0 to 100 mg; 
accurate within 0.05 per cent of full- 
scale reading. Cahn Instrument Co., 
14511 Paramount Blvd., Paramount, 
Calif. 

Circle 783 on Inquiry Card 


HANDLE WITH LATCH 


Engineering Bulletin 50L-606 offers in- 
formation on chassis latches for draw- 
ers and consoles requiring carrying 
handles incorporating a mechanical 
means of overcoming connector-pin 
friction for removal and _ insertion. 
Bulletin of two pages has illustrations, 
dimensions, specifications. Camloc Fas- 
teners Corp., 22 Spring Valley Road, 


rod, tube or fabricated parts? 


Taylor has the facilities. Its Norristown, 
Pa., plant, comprising some 300,000 sq. 
ft., produces both laminated plastics and 
vulcanized fibre . . . is one of the most 
completely integrated in the industry .. . 
even makes its own paper and a large per- 
centage of its own resins. The La Verne, 
Calif., plant, with over 45,000 sq. ft. of 
floor space, specializes in the manufacture 
of laminated plastics for the convenience 
of West Coast customers. And both 
plants can fabricate parts from any Taylor 
materials to specifications, economically. 

Taylor laminates offer many advantages 
over metals. They have a higher strength- 
to-weight ratio, are corrosion resistant, 
and can be fabricated more easily. This 
Taylor Selection Guide will help you 
evaluate the different grades available. 
Write for your copy today. Taylor Fibre 
Co., Norristown 37, Pa. 


"Taylor 


LAMINATED PLASTICS VULCANIZEO FIBRE 
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For applications requiring high ; 
strength retention at elevated 
temperatures, Taylor Grade 
GEC—an epoxy resin, glass 
fabric base material. 


Circle 180 on Inquiry Card 


Paramus, N. J. 
Circle 784 on Inquiry Card 


MULTI-SPEED MOTORS 


Bulletin 1300, four pages, discusses 
variable-torque, constant-torque and 
constant-hp multi-speed motors. Both 
polyphase and single-phase integral-hp 
units are covered. Application informa- 
tion, specifications and performance 
curves are given. Century Electric Co., 
18th & Pine Sts., St. Louis 3, Mo. 

Circle 785 on Inquiry Card 


POWER TRANSFORMERS 


Bulletin 587, two pages, describes two 
rectifier transformers for use in full- 
wave bridge or half-wave rectifier cir- 
cuits. Lists detailed electrical and 
physical specifications with schematics 
and circuit applications. Outputs are 17 
or 18 and 36 volts rms. Chicago Stand- 
ard Transformer Corp., 3501 W. Addi- 
son St., Chicago 18. 

Circle 786 on Inquiry Card 


SEMICONDUCTOR METER 
PROTECTOR 


Data Sheet 201, one page, describes a 
three-terminal solid-state device for pro- 
tecting a D’Arsonval meter with any 
movement up to 1 ma full scale. Pro- 
tection is said to be equal for voltages 
of either polarity. When overload is 
removed, meter protector automatically 


(ror high-temperature electrical 
applications and high-frequen- 
cy radio equipment, Taylor 
Grade GSC—a silicone resin, 
glass fabric base material. 
Has high heat resistance, ex- 
cellent electrical properties, 
and high arc resistance. Will 
not support combustion. 





recovers. Meter accuracy degradation, 
less than 0.6 per cent for meter move- 
ments up to 200 mv with at least 2000- 
ohm d-c resistance (special models 
available for meter-movement resist- 
ances down to 200 ohms). Typical 
overload protection: 25-yamp move- 
ment, 12,000:1 overload current ratio; 
l-ma meter movement, 300:1 overload 
current ratio. Dynatron Laboratories, 
71 Glenn Dr., Camarillo, Calif. 

Circle 787 on Inquiry Card 


FOUR-LAYER DIODES 


Six-page, fold-out Brochure S-4 pro- 
vides information on four-layer silicon 
switching diodes. Gives electrical speci- 
fications and dimensional drawings 
along with brief notes on operating 
characteristics of two-lead devices. 
Clevite Transistor, Stanford Industrial 
Park, Palo Alto, Calif. 

Circle 788 on Inquiry Card 


HIGH-VOLTAGE CAPACITORS 


Catalog 101, four pages, describes Type 
CL plastic-film capacitors which cover 
a voltage range of 2000 to 30,000 volts 
d-c. Capacitance, 0.1-12 yf. Operating 
temperature range is —60 to +65 C. 
Photographs, drawings, and specifica- 
tions supplement the text. Corson Elec- 
tric Mfg. Corp., 540 39th St., Union 
City, N. J. 

Circle 789 on Inquiry Card 





FOR LONGER 
GF Quality Electric Heating Elements! 


FREQUENCY METER 


Two-page data sheet 737A offers in- 
formation on solid-state 0 to 220 mc 
frequency meter. Unit has input sen- 
sitivity of 0.25 volts to 10 mc; 0.1 watts 
from 10 to 220 mc. Weighs 53 lb, 
measures 14 x 17 x 13 in. Computer 
Measurements Co., 12970 Bradley Ave., 
Sylmar, Calif. 

Circle 790 on Inquiry Card 


SWITCHING CATALOG 


Condensed Catalog 100, 20 pages, pre- 
sents information on toggle, push- 
button, and lever switches. Series in- 
cludes panel-mounting and hermetical- 
ly sealed types. Includes specifications, 
drawings and photographs. Controls 
Co. of America, 1420 Delmar Drive, 
Folcroft, Pa. 

Circle 791 on Inquiry Card 


QUALITY-CONTROL DEVICES 


Fold-out Brochure C5-100-000, six 
pages, presents information on series 
of products for nondestructive testing 
and inspection. Devices include X-ray 
units, temperature-indicating crayons 
and ultrasonic flaw detectors. Descrip- 
tions and photographs included. Cur- 
tiss-Wright Corp., Princeton, N.J. 
Circle 792 on Inquiry Card 


MINIATURE ALUMINA CERAMICS 
Bulletin TC-1, a six-page fold-out bro- 


chure, presents information on ceram- 
ics for use in manufacture of semicon- 
ductor assemblies. Material is non- 
magnetic, non-conductive, readily metal- 
lized. Aluminum oxide content is to 97 
per cent. Diamonite Products Mfg. Co., 
Shreve, Ohio. 

Circle 793 on Inquiry Card 


PLASTIC DEFORMATION 


Pamphlet, five pages, entitled “The 
Real Flow-Behavior of Plastic Sub- 
stances,” discusses viscous deformation 
of plastic substances. Text is supple- 
mented by charts and graphs; bibliog- 
raphy is included. Drage Products, Inc., 
406 32nd St., Union City, N.J. 

Circle 794 on Inquiry Card 


MALFUNCTION INDICATOR 


Bulletin 5205, four pages, gives infor- 
mation on memory device that locates 
and indicates malfunctions in electrical 
control equipment. Describes opera- 
tion, discusses applications, illustrated 
with schematic diagrams. The Clark 
Controller Co., 1146 E. 152 St., Cleve- 
land 10, Ohio. 

Circle 795 on Inquiry Card 


ELECTRIC TACHOMETERS 


Four-page brochure describes line of 
tachometers which cover 0 to 3000 and 
0 to 5000 rpm range. Accuracy ranges 
from 0.25 to 1.0 per cent. Presents 





HEATER LIFE... 


For high quality tubular heating elements, 
designed and built to exacting specifications, 
check the GF line. Available in steel, stainless, 
copper, inconel, incoloy ...in diameters as 
specified up to and including .750” ... with 
wide variety of flanges and heads designed 
to ASA Standards or customer specification. 
Many types of integral thermostatic controls 


offered. 


GF designs and manufactures superior heating 
elements and devices. If not satisfied with 
present heater life, contact GF now! Recom- 
mendations and preliminary engineering serv- 
ice without obligation. 


EAST GREENWICH °* 


Circle 181 on Inquiry Card 


RHODE !tSLltANO 
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BRUSHES contribute ~~... 
to the reliability of 
heavy _ — tools 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 
Always specify USG brushes of carbon, carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained ee ae te = 

staff of engineers is available to assist you in tgined in Catalog B-56 and the 

the selection of the grade and type of USG __ys@ grade list. Write for these 

brush best suited to your application. two catalogs today. 


* 
a 
2 


®*eee? 


8-267-1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION 


THE WICKES CORPORATION, SAGINAW 8, 


MICHIGAN 


Sete Silt edit © GRAMIX® POWDER METALLURGY e ee eee © USE BRusuEs 
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Circle 182 on Inquiry Card 
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further information on tachometer 
generators. The Electro-Mechano Co., 
241 E. Erie St., Milwaukee, Wisc. 

Circle 796 on Inquiry Card 


SQUIRREL-CAGE INDUCTION MOTORS 


Bulletin 1150, eight pages, reviews 
drip-proof motors in NEMA frame sizes 
182 to 445 U. Details construction fea- 
tures; lists applications, ratings and 
electrical specifications. Fairbanks, 
Morse & Co., 303 N. Henderson, Free- 
port, Ill. 

Circle 797 on Inquiry Card 


TEMPERATURE CONTROLS 


Brochure MC-195, eight pages, de- 
scribes “500” line of temperature indi- 
cators and controllers. Applications in- 
clude molding, laminating, ovens and 
test equipment. Included are details on 
multi-point control and monitoring of 
temperature. Ranges from —50 to 
+600 F. Fenwal Inc., Pleasant St., 
Ashland, Mass. 

Circle 798 on Inquiry Card 


COUNTING INSTRUMENTS 


Catalog 608.462, a six-page fold-out 
brochure, lists electric, stroke, turn, 
revolution and coil-winding counters. 
Describes and illustrates counter actu- 
ators, dustproof and hermetically sealed 
actuating switches. Specifications and 
photographs are included. General 






for Every Purpose 


STOCK. MODELS or SPECIAL DESIGN 


write for descriptive literature. 


Fractional H.P. 
Gearmotors 


von Weise is one of America’s largest and most modern 
manufacturers of dependable gearmotors % H.P. and less. 
von Weise stock gearmotors are available to fit most re- 
quirements. For special needs, let our engineers become 
part of your design team. Send us your specifications or 






von Weise Gear Co. 


9349 Watson Industrial Park 
St. Lovis 26, Mo. 





Controls Co., 8080 McCormick Blvd., 
Skokie, II. 
Circle 799 on Inquiry Card 


PLASTICS AND CHEMICALS 


Catalog CDC-381, 12 pages, covers 
product features, applications, and de- 
tailed technical data on polycarbonate 
resins, phenolic molding powders. De- 
scribed are phenolic laminating varn- 
ishes, phenolic foundry resins, coating 
resins, phenolic industrial resins and 
varnishes, and electrically fused mag- 
nesium oxide. General Electric Co., 
One Plastics Ave., Pittsfield, Mass. 
Circle 800 on Inquiry Card 


HYDROGEN THYRATRONS 


Bulletin PT-49, 20 pages, discusses 
general theory and application of hy- 
drogen thyratrons with specific refer- 
ence made to three different tubes for 
data and ratings. Schematics, graphs 
and charts detail construction, opera- 
tion, applications and characteristics of 
thyratrons presented. General Electric, 
Schenectady 5, N.Y. 

Circle 801 on Inquiry Card 


MINIATURE ELAPSED-TIME 
INDICATORS 


Two-page Data Sheet A60-124 covers 
physical and electrical characteristics 
of digital indicators and detailed de- 
scription of models available. Sizes 12 


Slip, 


these features: 















194 Circle 183 on Inquiry Card 


NEW compact design — 
greater pull-power...20% faster cycling 


First time on the market—Controls Company’s 831 
series industrial solenoid. A new design with greater 
performance than some solenoids twice the size. Check 


CONTROLS COMPANY 


in. sq x 1 1/16 in. long; weight % oz. 
Meets MIL-M-26550 and MIL-M-7793B. 
A. W. Haydon Co., 230 No. Elm St., 
Waterbury, Conn. 

Circle 802 on Inquiry Card 


FERRITE DEVICES 


Folder contains 17 data sheets describ- 
ing and illustrating 19 devices. Included 
are circulators, isolators, high-speed 
switches and modulators available for 
L-, S-, C- and X-band use. Components 
Div., Hughes Aircraft Co., Bldg. 20, 
Rm. 1372, Culver City, Calif. 

Circle 803 on Inquiry Card 


CRIMP WIRE CONNECTOR 


One-sheet Release 1-4A describes and 
illustrates UL-listed cadmium-plated 
steel sleeve with elastomeric insulator 
cap for connection of one No. 14 with 
one No. 16 wire, up to one No. 6 with 
two No. 8 AWG wires. Ideal Indus- 
tries Inc., 1008 Park Ave., Sycamore, 
Til. 

Circle 804 on Inquiry Card 


DIELECTRIC-TESTER CATALOG 


Four-page catalog describes Model PA 
breakdown testers. Contains complete 
specifications of both standard and 
multiple-range models and table of 
specifications of electrodes designed to 
accommodate many sample types. In- 

(Continued on page 197) 


| DOUBLE T INDUSTRIAL SOLENOID 





e Double T plunger design gives more-level pull char- 
acteristics without power drop-off 
e Frame and core protection by epoxy paint 


e Heavy-duty universal mounting bracket — mounts in 
any position without removing screws 


e Heavy-duty reinforced linkage 
Write for complete data. 


Cuaaine Contest. for snag, 


OF AMERICA 
APPLIANCE AND AUTOMOTIVE DIVISION 


9551 Soreng Avenue—Schiller Park, Illinois * Cooksville, Ontario*Zug, Switzerland 
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You get more value 


for the same dollar— 


in the NEW 
Bulletin 709 
line of starters! 


SIZE 00 


This new line of Allen-Bradley motor control will change 

every idea you have had about starter size, performance, 

and life. The small size—especially in the higher ratings 

—is startling. Yet rating for rating the operating life and 

reliability have been increased many times. Built into 

each of the seven sizes of this new Allen-Bradley line is 

an ability to interrupt tremendous currents and to operate 

year in and year out for many millions of operations with- 

out trouble or maintenance. 
The new Bulletin 709 starters are just as advanced in 

appearance as they are in performance. All seven sizes 

have an aristocratic styling and a distinctive family like- SIZE 5 

ness. Brooks Stevens, famous industrial designer, has 

given the enclosures such an attractive, modern style that 

these new starters will prove a distinct sales asset on any Note the compactness of both the smallest and 

machine or installation. largest starter in the new Bulletin 709 line. 
Why not write today for more information on this Ratings up to 100 hp, 220 v; 200 hp, 440-550 v. 

revolutionary new line of Allen-Bradley Bulletin 709 

quality across-the-line motor starters? 




























BULLETIN 705 


Size 2 across-the-line 
reversing starter with 
overload relays 


BULLETIN 713 
Size 1 combination 
starter with circuit 
breaker 


BULLETIN 706 

Size 1 reversing starter 

with fused disconnect 
switch 


BULLETIN 712 
Size 1 combination 
starter with fused dis- 
connect switch 










BULLETIN 702 


Size 3 three-pole, a-c 
solenoid contactor 







{ 

\y BULLETIN 717 
Size 2 multi-speed 
starter with circuit 
breaker 


BULLETIN 715 
Size 1 across-the-line, 
multi-speed starter with 
overload relays 

























Pygmies in Size 
Giants in Performance— 


the NEW Allen-Bradley 
Across-the-Line Starters! 


This new line of across-the-line motor starters is the result of over 
30 years of experience and leadership in the motor control field. 
While retaining the simple solenoid principle—with only ONE 
moving part—these starters are completely new in every way. 
They are amazingly small in size—yet test after test has proved 
they will not only outperform but also outlast any starter now on 
the market. They are good for many millions of trouble free opera- BULLETIN 709 
tions. All have scores of design refinements that make them easier 
to install and maintain. All are available in the smart new enclo- 
sures designed by Brooks Stevens. They make a beautiful addi- 


This popular across-the-line solenoid 
starter shows the new Size 2 con- 
struction. Note the white interior and 


tion to any machine or control installation. generous wiring space. Bulletin 709 
You'll want to get the complete story about these truly revolu- starters are available, in the new 
tionary new across-the-line starters. Write for new Publication 6100. construction, in seven sizes—Sizes 00 


to 5, with a maximum rating of 100 
hp, 220 v; 200 hp, 440-550 v. 


ALLEN-BRADLEY | ov!” 


mber of NEMA 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. CONTROL 


dustrial Instruments Co., 89 Commerce 
Rd., Cedar Grove, Essex County, N.J. 
Circle 805 on Inquiry Card 


RETAINING RINGS 


Four-page Catalogs 30 and 31 describe 
and illustrate internal and external 
rings, respectively. These come pre- 
stacked, in size range from 0.250 in. 
to 1.375 in. Industrial Retaining Ring 
Co., 57 Cordier St., Irvington 11, N.J. 

Circle 806 on Inquiry Card 


RUBBER PUSHBUTTON STATION 


Bulletin B82, four pages, describes oil 
tight, corrosion, dust and moisture- 
proof station. Will mount on any stand- 
ard FS or FD box. Meets NEMA Type 
1, 3, 4, 5 and 12 enclosure requirements. 
Joy Manufacturing Co., Electrical 
Products Div., 1201 Macklind Ave., St. 
Louis 10. 

Circle 807 on Inquiry Card 


MINIATURE RESISTORS 
Bulletins EP-2, EP-2B and CB-3, each 


one sheet, describe precision wire- 
wound units, with illustrations and 
tables. Kelvin Sales Co., 5907 Noble 
Ave., Van Nuys, Calif. 

Circle 808 on Inquiry Card 


SOUND-LEVEL METER 


Bulletin 1400E, four pages, describes 
and illustrates meter which gives direct 


ena See ra up ee 


To 


readings over range of 24 to 140 db. 
Weight: 4 lb. Battery-powered, all 
solid-state. It meets ASA and proposed 
IEC specifications. The Korfund Co., 
Inc., 77T Cantiague Rd., Westbury, 
Li, N.Y 

Circle 809 on Inquiry Card 


TRANSISTOR TESTER 


Bulletin 101, one page, describes F-20 
unit which instantaneously indicates 
gain-bandwidth product. Molecular 
Electronics, Inc., 85 Weyman Ave., 
New Rochelle, N.Y. 

Circle 810 on Inquiry Card 


SWITCH CATALOG 
Catalog 30-1, 15 pages, gives complete 
details on . heavy-duty metal-cased 
switches and double-break switch. In- 
cludes limit, safety and _ aircraft 
switches. Unimax Switch Div., W. L. 
Maxson Corp., Ives Rd., Wallingford, 
Conn. 

Circle 811 on Inquiry Card 


METAL ELECTROPOLISH 
five pages, describes 


Data Sheet 81, 
“Electro-Gleam 55” material for carbon 
stainless steel. 


steel, aluminum and 
Produces bright, smooth finish, removes 
weld burns, deburrs and removes sharp 
edges, removes stress from metals, im- 
proves corrosion resistance and reduces 
friction. Sheet contains operating condi- 


puts a customer in clover 


This engine fan-pulley hub was formerly 
a solid circular casting. The manufacturer 


had to machine the face, 


bore the ID, 


drill and tap four holes. The Amplexologist 
designed the present cloverleaf shape to 


reduce weight and material cost. 


Now 


produced by powder metallurgy, the hub 


requires no machining — 


except tapping the 


tions, recommended equipment, and 
cycle and control procedure. MacDer- 
mid Inc., Waterbury 20, Conn. 

Circle 812 on Inquiry Card 


AUTOMATIC WAVE-ANALYSIS 
SYSTEMS 


Publication DB 9075, 16 pages, de- 
scribes a cross-spectral analyzer and 
a two-channel analyzer for transfer- 
function plotting. Includes complete 
specifications, charts, formulas and 
available options. Minneapolis-Honey- 
well, Industrial Systems Div., 10721 
Hanna St., Beltsville, Md. 

Circle 813 on Inquiry Card 


ALLOY WIRE BROCHURE 


Eight-page release describes proper- 
ties, characteristics and applications of 
non-magnetic nickel-chromium alloy 
wire. Contains charts and graphs of 
temperature resistance, specific resist- 
ance, resistance and temperature-co- 
efficient tolerances, yield strength and 
elongation vs diameter for varying 
temperatures. Molecu Wire Corp., 
Eatontown-Freehold Pike, Scobeyville, 
N.J. 

Circle 814 on Inquiry Card 


STRAIN-GAGE RECORDER 
APPLICATIONS 


Release AN-103, four pages, describes 
typical gage circuits and presents de- 


Ie AMPLI >XOLOGIST 


holes. Total savings 33%. Sound interest- 
ing? Call the Amplexologist. 


DIVISION 
curysieR (Sy 
CORPORATION 
DETROIT 31, MICHIGAN 


SEND FOR THE SECRET 
OF THE 
AMPLEXOLOG/ST’S SUCCESS 


Cer eater rs 


rods 


ENGINEERING MANUAL 

45 pages of technical information: How 
to determine correct applications for 
powder metal parts, bearings, filters. 


2 NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 
Selection guide, engineering data. 


mor: of ere ee pepe 
ee: ci) = eae oe ay 
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tailed description of three methods of 
coupling to X-Y recorders. These in- 
clude direct measurement of bridge 
output voltage, common d-c power 
supply for bridge and recorder and 
a-c strain-gage excitation. Also de- 
scribes multi-channel strain-tempera- 
ture recording system. F. L. Moseley 
Co., 409 No. Fair Oaks Ave., Pasa- 
dena, Calif. 
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RESISTORS AND TRANSFORMERS 
Two-page January 1961 News discusses 
rheostats, variable transformers, tap 
switches, potentiometers and recent re- 
sistor catalogs. Ohmite Manufacturing 
Co., 3603 Howard St., Skokie, IIL. 
Circle 816 on Inquiry Card 


MINIATURE PRESSURE SWITCHES 


Four-page release describes less-than- 
l-oz units which operate with sensing 
element and require only one moving 
part. Pamar Electronics Co., Inc., 1 
Tenakill Park, Cresskill, N.J. 

Circle 817 on Inquiry Card 


MACHINING LAMINATES 


Four-page reprinted article describes 
specific fabrication methods for stand- 
ard laminates and recently introduced 
grades. Describes sawing, punching, 
planing and shaping, gear-cutting, 
lathe and screw machining, milling, 








SPECIFICATIONS: LABORATORY USE 
®@ Min. finished hole size: .18 in. ®@ Change wire and core size 
®@ Max. finished toroid O.D.: 4.0 in. in 45 sec. 
@ Winding speed: 1500 turns/min. 
®@ Wire range: AWG 44 to AWG 26 PRODUCTION USE 


®@ Dual, self-checking turns 
counting system 

@ Loading (wire length) counter 

© Core range: 4” 1.D. to 4” 0.D. 
to 144” high 


Ay 
st 


VErmont 7-5313 
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ARNOLD TOROIDAL COIL WINDER | 


sets up quickly...easy to operate... 
takes wide range of wire sizes 


i 
| 
includes all rings, counters and accessories | 


immediate delivery. literature on request 
ARNOLD MAGNETICS CORP. 


6050 W. Jefferson Bivd., Los Angeles 16, Calif. 


finishing, marking, reaming and shear- 
ing. Discusses tooling requirements and 
set-up procedures. National Vulcanized 
Fibre Co., 1061 Beech St., Wilmington 
99, Del. 

Circle 818 on Inquiry Card 


CABLE CATALOGS 


Bulletins 10A and 32 are offered. The 
first, five pages, describes flat cables 
produced by bonding process which 
groups individually insulated and 
color-coded conductors, twisted pairs or 
coaxial members. Bulletin 32, eight 
pages, describes coaxial, microphone, 
shielded and speaker cables. Phalo 
Plastics Corp., 530 Boston Tpke., 
Shrewsbury, Mass. 

Circle 819 on Inquiry Card 


PLASTICS PRODUCTS 


Bulletin 611, four pages, briefly ex- 
plains typical applications of plastics 
products with controlled properties 
which include specialized items such 
as radomes, antennas, parabolic dishes, 
microwave lenses, encapsulation and 
potting of electronic components, and 
structural plastic panels. Includes 
tables giving typical mechanical prop- 
erties of glass-fiber-base polyester lami- 
nates and rigid polyurethane foam. 
Polystructures, Inc., 41 Montvale Ave., 
Stoneham, Mass. 

Circle 820 on Inquiry Card 


| 
| 








number . 





® 1500 turns per minute 
®@ Insert core and load 
in 20 sec. | 





we Kingsley 
Wire-Marking 


Now you can mark 
each wire or piece of 
plastic tubing with its 
own individual circuit 
.. quickly... 
economically, right in 
your own plant! 


You reduce wire inven- 
tories because you 
need only one color of 
wire for as many cir- 
cuits as necessary. 


Simplify your assembly 
methods and speed 
production with the same machine that has proved so 
successful in the aircraft and missile industries. 


850 Cahuenga Bivd 
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TRANSISTOR SWITCHING CIRCUITS 


Application Lab Report 691, “Transis- 
tor Guide for Switching-Circuit Engi- 
neers,” 12 pages, contains schematic 
diagrams, curves and charts used to 
show design and usage of inverters and 
flip-flops as basic building blocks for 
switching circuitry. Germanium and 
silicon switching transistors, rated 
from 0 to 10 ke to 50 to 300 mc, are 
correlated to their proper application 
usage. Philco Corp., Lansdale Div., 
Lansdale, Pa. 

Circle 821 on Inquiry Card 


HIGH-DENSITY DATA RECORDING 


One-sheet release describes “Contigu- 
ous, Double-Transition, High Density 
Recording”. This is a multi-channel 
technique that permits recording up 
to 500,000 alpha-numeric characters 
per sec at densities up to 2000 ppi. Bit 
dropouts, less than 1 in 10° at 1500 
ppi. Reread time to recover transient 
errors, less than 0.005 per cent. Potter 
Instrument Co., Inc., Sunnyside Blvd., 
Plainview, N.Y. 

Circle 822 on Inquiry Card 


INDICATOR ASSEMBLIES 

Catalog 120, 12 pages, lists moisture- 
proof, miniature, incandescent and 
neon lamps. Includes product descrip- 
tion, photograph and mechanical di- 
mensions of lamps and holders. Elec- 






TTA Wire Assembly 






For Complete Details, Write or Wire 


im KINGSLEY MACHINE CO. 


Hollywood 38, Ca 
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Signal Indicating - Alarm Activating 
GMT Fuse & HLT Fuseholder 
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Actual Size Sub- miniature design 


permits multiple mounting of fuses in 
limited space. Fuseholders can be 
mounted on \ inch horizontal centers. 


Fuse and holder combin- 
ation readily adaptable 
for use in equipment oper- 
ating at 300 volts or less, 
such as. communication 
equipment, business ma- 
chines, computors, con- 
trol equipment or other 
multiple circuit appara- 
tus where space is at a 
premium. 
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Indicating spring flashes color-coded 
flag when fuse opens 


to give quick, positive identifi- 
cation of faulty circuit. 


Indicator spring also makes con- 
tact with an alarm circuit so, it 
can be used to flash a light—or 
sound audible signal on fuse panel 
or at a remote location. 


Ask for bulletin GMCS on BUSS 
GMT fuses and HLT holders. 


“see e-es@aee@eeeuwnnwenec ee - 
eee eae eeaeneeeaeaeaeneeaaaaaee 


In the BUSS line, 


: find the type and size fuse to fit your every need _ / 
4, a companion line of clips, blocks and holders. if 


TRUSTWORTHY NAMES IN 
a SS ; oy ELECTRICAL PROTECTION 


BUSSMANN MFG. DIVISION, McGraw-Edison Co, VERY AT JEFFERSON, ST. tours 1, MO. 
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Whatever your part in engineering and 
building electronic equipment, here’s the 
NEW catalog that should be at your 
fingertips for CABLES! New Catalog 
No. 4C-61 
Royal RG and special application cables, 


gives complete charts on 


physical and electrical characteristics, 
testing procedures, engineering tables 
(impedance, attenuation, etc.). Valuable 
information, too, on MIL-spec, signal, 


control and other multi-conductor cables. 


WRITE for your copy — TODAY! 
Royal Electric Corporation 
301 Saratoga Avenue 
Pawtucket, Rhode Island 
In Canada: Royal Electric Company 


(Quebec) Ltd., 
Pointe Claire, Quebec 


ROYAL, 


oe GR Gssociate of 
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trical specifications and applicable 
military specifications are included. 
Control Switch Div., 1420 Delmar Dr., 
Folcroft, Pa. 

Circle 823 on Inquiry Card 


Manufacturer’s 
Publications 


ee EEN NS NCAR A 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRO-TECHNOLOGY as your 
source. i 


HANDBOOK OF NOISE MEASUREMENT 


Illustrated 100-page handbook covers 
measurement of noise and vibration 
and describes equipment requirements, 
procedures and the interpretation of 
results. Book offers comprehensive sur- 
vey of such topics as decibel, man as 
a noise-measuring instrument, applica- 
tions of sound-measurement systems, 
and measurement of sound levels and 
sound-pressure levels. Also detailed are 
characteristics of noise control, loud- 
ness levels, speech interference, hear- 
ing damage, neighborhood reaction to 
noise, noise sources, and instrumenta- 
tion and applications for vibration 
measurements. Appendices include de- 
cibel-conversion tables, vibration charts, 
definitions and references. Copies of 
the handbook are available at $1.00 
from General Radio Co., West Concord, 


Mass. 


CAPACITOR ENGINEERING DATA 


Bulletin 60121 provides information for 
engineers designing high-reliability cir- 
cuits. It examines such parameters as 
voltage, temperature, frequency, insu- 
lating materials and area of windings. 
Manual shows how life, capacitance 
and leakage current are affected over 
extended temperature ranges. Included 
in the data are such curves as: com- 
parative life characteristics for paper 
dielectric capacitors with mineral-oil 
impregnation; effect of temperature on 
a typical lot of capacitors with chlorin- 
ated-paper dielectric as compared with 
mineral-oil-impregnated paper dielec- 
tric; and comparison of change in in- 
sulation resistance over extended tem- 
perature ranges for capacitors employ- 


ing the following as dielectrics: Aro- | 
chor-impregnated paper, Halowax-im- | 


pregnated paper, mineral-oil-impreg- 
nated paper, polyisobutylene-impreg- 
nated paper, Mylar film, Teflon film, 
and polyisobutylene-impregnated paper 
combined with Mylar film. Copies are 
available from John E. Fast & Co., 
3598 No. Elston Ave., Chicago 18. 





bé VAL 99 
WRIZED 
ORDS in 
LASTIC 


Colorful, tough, easy-to-clean! That’s why 
PLASTIC cords make your power tools, 
appliances, or other electrical products 
look better, work better, and sell better! 
And that’s why your smart move is to 
ROYAL — the company equipped to give 


you prompt service on all plastic cord 
needs, either with stock molds or special 
tooling. 


Royal has “off-the-shelf” molds for strain 
reliefs (dimensions customized to fit your 
product’s housing) . . . and 2-wire and 
3-wire caps and connectors for 125V and 
250V services. Moreover, when special 





attachments are needed, Royal design 
engineers help you capitalize on the ver- 
satility and economy of PLASTIC... 
with experimental molds, adequate sam- 
ple lots, and fast tooling for production 
runs. Attachments are molded to durable 
Royal Plastic or Rubber Cord, in colors 
that complement your product styling. 





For full 
power supply cords, write 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 
| In California: 
Electric Cords & Supply Corp. 
413 East 3rd St., Los Angeles 13 
In Canada: 
Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 


details on ROYAL 





PI 
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SPLIT LIGHT BEAMS 
MEASURE IN MILLIONTHS 


to help S&F build better bearings 


MOTION ENG 


Advanced ball and roller bearing technology 


The concentric pattern of interference fringes in the 
picture above is reproduced from an actual photo 
taken with the aid of an interferometer in the SisF 
laboratories. The subject under examination is a 
microscopic flaw in the surface of an accurately 
lapped steel ball. The principle of utilizing split beams 
of light to form interference patterns enables accu- 
rate measurements to be made in millionths of an inch. 
SSF is a leader in the development and applica- 
tion of ultra-precise measuring systems. The Sif 
metrology laboratory plays an important part in a 
continuing program of research to produce bearings 
of improved accuracy and finish, and consequently, 
quieter, smoother running characteristics. 
Whatever types of rolling contact bearings you 
need—ball, cylindrical roller, spherical roller, tapered 
roller or precision miniature—you’ll find S&F your 
best assurance of dependable performance. SiS 
Industries Inc., Philadelphia 32, Pa. 6104 
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WHAT IT SAYS... 


DECIBELS 
1MW 6002 





HEWLETT Op PACKASA 


ELECTRO-TECHNOLOGY 





New individual calibration of meter scales used in standard @ instruments 

instrument accuracy approaching that of lab standards! Through a servo system, 

line on each instrument’s meter face is located precisely and then printed. What 

is—you read! No preprinted approximate scales are used. 

This new standard of # accuracy asmures you that’ each voltmeter scale is ciliated to the exact 
characteristics of its individual meter movement. Scale tracking error is eliminated, and you get 
improved performance at the same moderate price. 


Further, this calibration and inspection procedure at @ automatically rejects faulty lentie move- 
ments. Tracking characteristics of each meter movement are determined over ite entire range, and 
rigid tolerance control assures optimum performance. 


These are the first commercial voltmeters wherein the meter tracks error is eliminated. Check the 
specifications below for the meter which meets your requirement. You are assured of improved 
performance, with this source of error eliminated—plus all the other advantages you expect in @ 
instruments: dependability, ruggedness, convenience. They’re yours at no increase in cost. 


This new standard of calibration is another part of #’s continuing effort to produce more accurate, 
more dependable, more useful instruments for measurement . .. and to re at moderate cost. 
for highest value to the user. 


Brief Specifications of the 4 individually calibrated voltmeters 


@ 400H Vacuum Tube Voltmeter _ in ® 400L Logarithmic Voltmeter 


Voltage Range: 0.1 mv to 300 v, 12 ranges if Voltage Range: 0.3 my to 300 v, 12 ranges 
Frequency Range: 10 cps to 4 MC Ie Decibel Range: —70 to +52 db, 12 ranges 
Accuracy: With nominal line voltages from : ') Frequency Range: 10 cps to 4 MC 
103 to 127 v, overall accuracy is within Accuracy: At nominal line voltage £10%, overall accu- 
+£1% of full scale, 50 cps to 500 KC ‘ racy is within 
£2%, 20 cps to 1 MC : +£2% of reading or £1% of full scale, whichever 
+3%, 20 cps to 2 MC 1 is more accurate, 50 cps to 500 KC 
+5%, 10 cps to 4 MC om +3% of reading or 2% of full scale, 20 eps to 
: Cabinet, $325.00; rack mount, $330.00 1 MC 
+£4%, of reading or +3% of full scale, 20 cps to 
2MC 
+5% of reading 10 cps to 4 MC 


: Cabinet, $325.00; rack mount, $330.00. 


@® 425A DC Microvolt-Ammeter —— @® 412A DC Voltmeter-Ohmmeter-Ammeter 


Voltage Range: Pos. and neg. voltages 1 mv to 1,000 v 
full scale, 13 ranges 


Voltage Range: Pos. and neg. vdltages 10 
pv to 1 v full scale, 11 ranges 


Accuracy: +3%, of full scale. Accuracy: £1% full scale on any range 


Ammeter: Current range, pos. and neg., 10 
pa to 3 ma, full scale, 18 ranges; accuracy 
+3% of full scale. 

Price: Cabinet, $500.00; rack mount, $505.00. . Ohmmeter: Resistance range, 1 ohm to 100 megohms 
center-scale, 9 ranges; accuracy £5% of reading, 0.2 
ohm to 500 megohms + 10% of reading, 0.1 to 0.2 ohm 
and 500 megohms to 5,000 megohms. 


Price: Cabinet, $400.00; rack mount, $405.00. 


Ammeter: Current range, pos. and neg. currents from 1 
pa to 1 a full scale, 13 ranges; Accuracy £2% of full 
scale on any range. 


First to bring you individually calibrated VT VM’s at no increase in cost! 


HEWLETT-PACKARD COMPANY 


1070M Page Mill Road Palo Alto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 
Sales representatives in all principal areas 


HEWLETT-PACKARD S.A. 


Rue du Vieux Billard No. 1 Geneva, Switzerland 
Cable “HEWPACKSA” Tel. No. (022) 26. 43. 36 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . 
in electrically operated end products . . 


tions and available application data. 


Exhibitors at May Design-Engineering Show 


THRUST BEARING 


Type “NJ” needle bearing uses injec- 
tion molded glass-fiber-filled nylon re- 
tainer. Unit is non-magnetic, has great- 
er capacities than steel bearings. Oper- 


ates to temperature of 350 F, needle 
roller diam is standard 0.078 in. (Dis- 
played in Booth 137.) Kaydon Engi- 
neering Corp., McCracken St., Muske- 
gon, Mich. 

Circle 501 on Inquiry Card 


LIGHTED PUSHBUTTON 
SWITCH 


Panel-mounted 04 series switches com- 
bine illuminated colored indicators 
with double-pole switch module. Size 
is % square by 3 in. long. Up to four 


ss 


-~ 


colors may be displayed on unit’s in- 
dicator screen. Pressing screen actuates 
two minature switches handling two 
5-amp (30 volts d-c) circuits, or two 
10-amp (125/250 volts a-c) circuits. 
Units offered for barrier or flange 
mounting. (Displayed in Booth 844.) 
Licon Div., Illinois Tool Works, 6615 
W. Irving Park Rd., Chicago 34. 

Circle 502 on Inquiry Card 


TWO LAMINATED PLASTICS 


Grades G-5-818 and G-10-866 are mela- 
mine-glass, and flame-retardant epoxy- 


204 


glass-fiber laminates, respectively. The 
first meets all requirements of pro- 
posed MIL-P-15037 for Type GME. 
The second offers dimensional stability, 
chemical resistance and _ electrical 
properties of conventional G-10 lamin- 
ates plus flame retardancy. (Displayed 
in Booth 421.) National Vulcanized 
Fibre Co., Maryland Ave. & Beech St., 
Wilmington 99, Del. 
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HIGH-TEMPERATURE 
PLASTIC 


“Supramica 620 BB”, a moldable plas- 
tic, operates at temperatures to 1200 
F. Material can be molded to close 
tolerances, is impervious to oil, water 


% 


and organic solvents. Dissipation factor 
and dielectric constant at 1 me are 
0.0023 and 8.8, respectively. Tensile 
strength is 5000 psi; compressive 
strength is 30,000 psi. (Displayed in 
Booth 1063.) Mycalex Corp. of Ameri- 
ca, Clifton Blvd., Clifton, N. J. 
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MAGNETIC CONTACTORS 


Solenoid contactor, SC series, has up 
to 20 poles, controls 3-phase motors 
to 3 hp. Units are 25 and 50 amp; con- 
tacts are silver, 9g and % in. diam., 
respectively. Contactors are open or 
closed types, mounted on steel frame. 
(Displayed in Booth 1237.) Zenith 


. screened for design-in use 


. complete with all released specifica- 


Electric Co., 152 W. Walton St., Chi- 
cago 10. 
Circle 505 on Inquiry Card 


LOW-PRESSURE 
SOLENOID VALVE 


Three-way valve 8030A may be used 
in any low-pressure control system 
using 34-in. pipe size. Direct-lift valves 
have brass bodies, stainless-steel cores 


EZ 
gl 


and springs. Continuous-rated coils 
have 10.5, 10.6, or 14.8-watt a-c power 
consumption at 115, 230 or 460 volts. 
(Displayed in Booth 825.) Automatic 
Switch Co., Florham Park, N. J. 

Circle 506 on Inquiry Card 


CAGE-TYPE ROLLER BEARING 


Needle-roller bearing, “Cagerol,” is di- 
mensionally interchangeable with or- 
dinary heavy duty needle bearings. Re- 


tainer-equipped bearing may be used 
where there is shaft misalignment, and 
severe speed and load conditions. Avail- 
able with or without separable inner 
races. (Displayed in Booths 1031, 
1037.) McGill Manufacturing Co., Inc., 
Valparaiso, Ind. 
Circle 507 on Inquiry Card 
(Continued on page 207) 
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The MOTOROLA Rectifier that made the automobile 
alternator practical is now available for other applications 


Here’s the 18 amp silicon rectifier that made history in the 
automotive field. Developed by Motorola, it was so rugged 
and so reliable, yet so dramatically low in price, that mass 
alternator usage was practical for the first time. Motorola 
has now produced more than six million of these units. 
This versatile, proven rectifier is now available for use in 
other industrial and consumer products. Its extreme low 
price, coupled with its rugged construction, makes countless 
new uses practical. 


POSSIBLE APPLICATIONS 


for Motorola’s general purpose “industrial” and “commer- 
cial” rectifiers: 
@ portable mixers, shavers @ DC power supplies 
and other appliances @ battery chargers 


@ shop equipment @ and many others 
@ speed controls 


rt For complete technical information con- 
a tact your Motorola district office or write: 
Technical Information Department, Motor- 

ola Semiconductor Products Inc., 5005 

East McDowell Road, Phoenix 10, Arizona. 


+ 
4 


MOTOROLA DISTRICT OFFICES: 

Belmont, Mass / Burlingame, Calif Chicago / Clifton, N. J. Dallas / 
Dayton / Detroit / Glenside, Pa / Hollywood / Minneapolis / Orlando, Fie 
Silver Spring, Md / Syracuse / Toronto, Canada 


MOTOROLA GENERAL PURPOSE “COMMERCIAL” RECTIFIERS 


OEM 
TYPE PIV FORWARD PRICE 
NUMBER volts CURRENT (10,000 up) 


MR322 


Prices above pertain to equal quantities of standard and reverse 
polarities totalling 10,000. 


STUD-MOUNTED “INDUSTRIAL” RECTIFIERS ALSO AVAILABLE 


Motorola also supplies low-cost stud-mounted rectifiers for general 
purpose industrial use. 


OEM 
FORWARD PRICE 
CURRENT » (10,000 up) 


*Add suffix ‘“R’’ to indicate reverse polarity. 


MOTOROLA 


Semiconductor Products inc. 


BSIDIARY OF MOTOROLA, INC 


5005 EAST McDOWELL ROAD * PHOENIX 10, ARIZONA 
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UNIVERSAL JOINTS 


Couplings in both single-and double- 
joint types are for applications to 1500 
rpm. Rated from 0.35 to 190 hp at 
100 rpm, sizes vary from % to 4 in. 
Working angle for single-joint unit is 
40 deg; double-joint, 80 deg. (Dis- 
played in Booth 1044.) Lovejoy Flexi- 
ble Coupling Co., 4991 W. Lake St., 
Chicago 44. 


Clutch Brokos 


"“C"'-flange motor 
CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 


. choice of Standard, or 


SE 


mounting—frame sizes 213C, 215C, 254UC, 256UC, 284UC, 286UC, 
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or can be floor-mounted on rugged cast 


Circle 508 on Inquiry Card 


Call or write for NEW PRODUCT PREVIEW 3-6!-B 


The Complete Line of Elactromagnot« Clutches 


MINIATURE LOW-PASS selenium rectifier stacks where suit- 
FILTERS able. Available in single-phase and 
three-phase networks capable of handl- 
ing from 2 to 744 kw. Current rating: 


ELECTRIC CORPORATION 


Units cover 200 cps to 20 ke at 1, 5, 
10 and 50 kilohm impedances and from 
300 cps to 20 ke at 500 to 600 ohm 
impedance. High-frequency type case 


10 to 25 amp at ambient temperature 
of 45 C max. Maximum output power 
obtained with 220-volt rms input. Semi- 
conductor Div., Syntron Co., Homer 
City, Pa. 


maritime applications. Compact 
A.C. operation—vertically or horizontally—stub or thru-shaft. 
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HIGH-GAIN 
SILICON TRANSISTORS 
Series WX118X and WX118U silicon 


n-p-n units, with up to 1000 power 
gain, have collector-emitter voltages of 
50, 100 and 150. The X series has gain 

dimensions: 1 3/16 x 1% in. high. of 400 min at 10 amp. U series has 

Low-frequency, low-impedance units 

are 24 in. high. Attenuation: 30 db 

min at maximum of 2.2 times the 3-db- 

down cutoff frequency. Principal appli- 

cation: rejection of high-frequency 

noise while transmitting low-frequency 

data. TT Electronics, Inc., P.O. Box 

180, Culver City, Calif. 


Circle 509 on Inquiry Card 


MULTICOLORED 
RIBBON CABLE 


Flat ribbon cable is available in either 
one color or many. To military or 
commercial specifications in sizes 28 
through 10 AWG. Up to 1 in. wide 
with up to 20 conductors. Westwood 
Cable Corp., 3440 Overland Ave., Los 
Angeles 34. 
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cooperation 


and 
on 
jobs. 


Prompt delivery assured—now! 
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toughest 


ta] 
major motor 


t stay in more perfect adjust- 
manufacturers 


ment if we sent a lab technician right out on 


the job with them 
raed 


of their 


gain of 100 min at 10 amp. Capable of 
dissipating 150 watts at case temper- 
ature of 75 C. Maximum permitted 
junction temperature: 150 C. Thermal 
impedance: less than 0.5 C/watt. Col- 
lector-emitter cutoff: 20 ma _ max. 
Emitter-base cutoff: 15 ma max. Satu- 
Circle 510 on Inquiry Card ration resistance: 0.35 ohm max. 


SILICON BRIDGE Westinghouse Electric Corp., Semi- 


conductor Dept., Youngwood, Pa. 


RECTIFIER Circle 512 on Inquiry Card 


“Syntron Power Point,” for use in d-c 


power supplies, is designed to replace PROBE THERMISTORS 


Glass unit is 0.060 in. diam x 0.25 in. 
long. Dissipation constant, 0.6 mw/ deg. 
Time constant, 6 sec. Bead diameter, 
0.043 in. approx. Victory Engineering 
Corp., 517 Springfield Rd., Union, N.J. 

Circle 513 on Inquiry Card 


exact, correct air-gap for optimum perform- 


ance—run cooler—more quietly—last longer. 


chanical, self-adjustment that maintains the 
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VOLTAGE MONITOR 


Models 701 and 702 monitors, 1 cu 
in., have repeatability of better than 
0.01 per cent under fixed conditions, 
low power drain and high shock re- 


areaat 
through 


locations 


ideal for remote, hard-to-reach 


needed 
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ment for the entire life of the friction linings 


The ‘87,000’s’’ literally 


em-and-forget 
Unitized Construction, 


Meta 


ANY 
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be replaced in less than 15-minutes—the only 


tool 
good as new, they start all over again. 


selves 








THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 











FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 





CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


ns 
DOUBLE 
TRON TEFLON 
OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 





SPRAGUE ELECTRIC. COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* *« * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


THE MARK OF RELIABILITY 
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sistance. A-C or d-c single or double 
ended. May be supplied with external 
adjustments for voltage limits. The 701 
has 2-amp DPDT contacts and 702 has 


solid-state output capable of driving 
relay solenoid. Syracuse Electronics 
Corp., P.O. Box 566, Syracuse 1, N.Y. 


Circle 514 on Inquiry Card 
POWER TRANSISTORS 


Series of germanium units, with low- 
profile T0-36 case, features 150 watts 
dissipation and 0.5 C/ watt max thermal 





resistance. Includes 2N1099, 2N173, 
2N278, 2N277, 2N442 and 2N433. Beta 
ranges from 20 to 70 at 5 amp. Texas 
Instruments, Inc., P.O. Box 5012, Dal- 
las 22, Texas. 

Circle 515 on Inquiry Card 


AXIAL BLOWER UNIT 


Model MSA-10605, for cooling elec- 
tronic equipment, operates on 115-volt 
60-cps power supply and delivers 40 
cfm at a static pressure of 0.10 in. 





7.62 


Size: 
in. high x 6.32 in. wide x 4.87 in. deep. 
Torrington Manufacturing Co., Tor- 
rington, Conn. 


water (standard density). 


Circle 516 on Inquiry Card 


ELECTRONIC MOTOR-SPEED 
GOVERNOR 


Units for control of shunt-wound d-c 
motors up to 1 hp maintain constant 
motor speed despite variations in load, 
line voltage or motor temperature. 
Possible motor-speed range, 100:1. 
Operates from 230-volt 50 to 60 cps 


ELECTRO-TECHNOLOGY 





TASK FORCES 
FAST RESPONSE! 


Three regional AMPHENOL Connector Divisions offer industry 
a new kind of service. Each Division is a fast-response facility, 
staffed by creative engineering and production specialists, 
equipped to meet any requirement in interconnecting devices 
and assemblies. Your needs give these technical task forces 
their directives on design, prototypes and delivery. And delivery 
is the fastest ever available! 
If you are in a hurry, call AMPHENOL! 


AMPHENOL—WESTERN AMPHENOL—MIDWESTERN AMPHENOL—EASTERN 
CONNECTOR DIVISION CONNECTOR DIVISION CONNECTOR DIVISION 
9201 Independence Ave. 2837 South 25th Avenue Fair Lawn Industrial Park 
Chatsworth, California Broadview, Illinois Fair Lawn, New Jersey 
Telephone: Diamond 1-0710 Telephone: COlumbus 1-2000 Telephone: SWarthmore 
TWX: CNPK-5406 TWX: MAY-1192 1-0303 


AMPHENOL CONNECTOR DIVISION—CENTRAL OPER- 
ATIONS supports its three regional Divisions with na- 
tionwide engineering and manufacturing service. 


AMPHENOL CONNECTOR DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 


1830 South 54th Avenue Chicago 50/Mllinois 
Telephone: Bishop 2-1000 TWX: CiC-2294 


Circle 197 on Inquiry Card 








the lacing tape with 
a NON-SKID tread 


You can’t see it, but it’s there! Gudelace is 
built to grip—Gudebrod fills flat braided 
nylon with just the right amount of wax to 
produce a non-skid surface. Gudelace con- 
struction means no slips—so no tight pulls to 
cause strangulation and cold flow. 


But Gudelace is soft and flat—stress is dis- 
tributed evenly over the full width of the tape. 
No worry about cut thru or harshness to 
injure insulation . . . or fingers. 


Specify Gudelace for real economy—faster 
lacing with fewer rejects. 


Write for free Data Book. 
It shows how Gudelace and 
other Gudebrod lacing materials / 
fit your requirements. 


GUDEBROD sros. siILk Co., INC. 










ELECTRONICS DIVISION EXECUTIVE OFFICES 
225 West 34th Street 12 South 12th Street 
New York 1, New York Philadelphia 7, Pa. 


Circle 198 on Inquiry Card 
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..no moving parts! 


LOWEST PRICE...SMALLEST 


Proximity Switch 
OBTAINABLE! 


Actuated by NON-MAGNETIC and $ BE. 00 
MAGNETIC metals to solve electrical 


users net includes: 
switching problems 


Control amplifier 


Now Electro offers you a low 4902 

cost proximity switch incorporating the Sensing head 
basic patented circuit used successfully in 4913-BL 
industrial plants for more than 5 years. Connecting cable 


Write for new detailed Bulletin EDPS-80! 
ELECTRO PRODUCTS LABORATORIES, 4501-M Ravenswood, Chicago 40, Ill. 


Canada: Atlas instrument, Ltd., Toronto 








Most complete line of Proximity Switches 
and Magnetic Transducers - Tachometers - DC Power Supplies 
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single-phase line. Available: stripped 
chassis, rack mounted or self-contained 
in cabinet. Electric Welding Dept., 
Linde Co., Div. of Union Carbide Corp., 
270 Park Ave., New York 17. 

Circle 517 on Inquiry Card 


CONDUCTIVE INKS 


Printed circuit inks designated formu- 
lations EL-787 and EL-796 offer low 
resistance. EL-787 has air dry time 
of 35 min, resistance of 400 ohms per 
sq in. EL-796 has excellent adhesion 
on polystyrene, acrylic and lacquer 
plastics. Advance Process Supply Co., 
Inc., 2315 W. Huron St., Chicago 12. 

Circle 518 on Inquiry Card 


VIBRATION-ISOLATION 
TABLE 
Model TBV-1 has top platform isolated 


from a maximum of %-in. peak-to- 
peak horizontal excursion of the bottom 





platform and vice versa. For mounting 
of sensitive equipment. Tenlo Research, 
Inc., 9424 Lyndale Ave. South, Minne- 
apolis 20. 

Circle 519 on Inquiry Card 


4PDT RELAY 


Series KHP relays are rated for loads 
ranging from dry circuit to 3 amp at 
30 volts d-c or 115 volts a-c resistive. 
Coil operating voltages range from 6 
to 110 volts d-c. Relays operate on 0.9 
watt at 25 C. Pull-in time is 15 milli- 
sec max, 5 millisec max for drop-out. 
Equipped with pierced solder lug 
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BIG NEWS in high-temperature 
precision-molded insulation 


SUPRAMICA 
620 "BB" ceramopliastic 


See this newest advance in the 
Science of High-Temperature Insulation 


Visit BOOTH 1063 at the 
DESIGN ENGINEERING SHOW 


General Offices and Plant: 140 Clifton Boulevard, Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


World's targest manufacturer of ceramoplastics, glass-bonded mica and synthetic mica products 


MAY 1961 Circle 200 on Inquiry Card 


Need a precision-molded insulation material with 
total dimensional stability under the most adverse 
thermal cycling, operating to 1200°F....ora 
material with previously unattainable combina- 
tion of properties? Check these facts about 

new SUPRAMICA 620 “BB” 

ceramoplastic: 


@ Maximum temperature endurance of 
material 1200°F. (unstressed). Heat distor- 
tion temperature of material 1100°F. 
(ASTM D648-264 PSI) 


@ SUPRAMICA 620 “BB” ceramoplastic can 
be precision molded to most intricate ge- 
ometries with gauge-like tolerances. 


@ SUPRAMICA 620“BB” ceramoplastic will 
not carbonize. 


@ Absolute hermetic seals achieved directly 
during the molding cycle. Components 
meet a helium leakage rate of less than 
2 x 10° cc/sec., after the following en- 
vironmental tests: 


. Samples heat shocked a total of 20 cycles from boiling 
water for 30 minutes directly to ice water for 10 minutes. 

. Samples heat shocked a total of 5 cycles, from 350°C. for 1 
hour directly to room temperature for 10 minutes, to-70°C. 
for 1 hour, to room temperature for 10 minutes. 

. Samples heated to 500°C. for 4 hours and directly to room 
temperature. 


@ Thermal expansion factor matches many 
metals and alloys. 


@ New SUPRAMICA 620“BB” ceramoplastic 
features a dielectric strength of 270 
volts/mil, Ys’ thickness per ASTM D-149. 


CORPORATION OF AMERICA 
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terminals. Nylon dust cover gives pro- 
tection. Potter & Brumfield, Princeton, 
Ind. 

Circle 520 on Inquiry Card 


RECTANGULAR CONNECTORS 


Snap-in, snap-out units maintain elec- 
trical properties at temperatures up to 
500 F. Phosphor-bronze contacts meet 





MIL-C-26636. Provision for wire sizes 
18 to 26 AWG. Units meeting MIL-C- 
8384B are available in 13 sizes ranging 
from 7 to 123 contacts. U.S. Compon- 
ents, 1320 Zerega Ave., New York 62. 

Circle 521 on Inquiry Card 


WAVEGUIDE SWITCHES 


Units cover range of 3.95 to 40 kmc 
in seven sizes. Designed to make alter- 


nate connections between two wave- 





guide inputs and two outputs. VSWR, 
1.10 max. Isolation, over 60 db. Wave- 
line, Inc., Caldwell, N.J. 

Circle 522 on Inquiry Card 


CABLE CLAMP 


Flat clamps, molded half clips and 





snap clips of nylon, are for cables 
Ye in. diam to bundles 134 in. diam. 
Sizes: 0.160 in. wide x 0.030 in. thick 

% in. wide x 0.070 in. thick. For 
service between —60 and +275 F. 


Solvent resistant. Meet MIL-P-17091A 
and Amendment 2, 17091B and 20693 
Type I; MIL-STD-242A and 242B and 
MS-39014. Weckesser Co., Inc., 5701 
Northwest Hwy., Chicago 46. 

Circle 523 on Inquiry Card 


CONTROL INSTRUMENT 
HOUSINGS 


Custom-built cabinets, consoles, panels 
and allied enclosures (typical unit il- 
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‘DELCO 
SEMICONDUCTORS 
NOW 


AVAILABLE 
AT THESE 
DISTRIBUTORS: 


New York: 


HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
‘IU 2-1500 


Chicago: 
MERQUIP ELECTRONICS, INC. 
5904 West Roosevelt, Chicago, Illinois 
AU 7-6274 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigar 
TU 3-1500 


Philadelphia: 
ALMO RADIO COMPANY 
913 Arch St., Philadelphia, Pennsylvanie 
WA 2-5918 


Baltimore: 


RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Marylanc 


LE 9-3835 
Los Angeles: 
RADIO PRODUCTS SALES, INC. 
1501 South Hill St., Los Angeles 15, Calii 


RI 8-1271 


San Francisco: 
SCHAD ELECTRONIC SUPPLY, INC 
499 South Market St., San Jose 13, Calif 
CY 7-5858 


Seattle: 
C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washingtor 
MA 4-4354 


Ask for a complete catalog 
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HOW TO GET THE POWER TRANSISTORS YOU NEED? 


JUST ASK DELCO. For even though our catalog lists only a handful of germanium power transistors, there is 
only a handful out of all those ever catalogued that we don’t make. And those only because nobody ever asked 
for them. 


We’ve made, by the millions, both large and small power transistors. Both diamond and round base. Both industrial 
and military types. And each in a wide variety of parameters that have proved themselves reliable in nearly every 
conceivable application. 

You get Delco transistors fast. You get Delco transistors in any quantity. And for all their high reliability, you get 
them reasonably priced. All you have to do is contact our nearest sales office—and ask for them. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan Division of 
324 Chestnut Street 726 Santa Monica Bivd. 5750 West 51st Street 57 Harper Avenue , General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 J Kokomo, Indiana 
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ACTUAL SIZE 


THESE “WIRE-WOUNDS” ARE 
CIRCUIT SHRINKERS.... . newy 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


SIZES AND RATINGS 


Rating 
(in watts) 


*Less leads. 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. °.9 


20,000 
25,000 
50,000 
75,000 








Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co., 34 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
| ELECTRIC CO .;~ 


Gas 














RESISTORS « RHEOSTATS « RELAYS * CONTROLS * DIMMERS 
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lustrated) may be constructed of 
aluminum, steel or stainless _ steel. 
Armesco, Inc., Lansing & Bingham 


Sts., Philadelphia 11. 
Circle 524 on Inquiry Cara 


ROTARY SWITCH 


Switch C-16 can be employed for 
motor control to 16 hp, at 600 volts, 
and for instrumentation and control 
circuits. Unit contains two isolated 
double-break silver-alloy contacts in 





each stage. Twelve stages form single 
column of 24 contacts. Contacts are 
cam operated, rated for 20 amp. Latch- 
ing mechanism for 30, 45, 60 and 90- 
deg throw is standard. Components are 
resistant to humidity, salt spray and 


fungus. Mechanical life, 5 million 
operations, American Solenoid Co., 
Inc., U.S. Highway 22, Union, N.J. 


Circle 525 on Inquiry Card 


HIGH-VOLTAGE 

POWER SUPPLIES 

Supplies with 60 or 400 cps inputs 
have outputs from 1 kv to 20 kv, and 
currents from 50 yamp to 1 ma. 





Hermetically-sealed Model 913 (il- 
lustrated) has output of 4 kv d-c at 
500 ypamp. Operating temperature 
range is —55 to +100 C. Ripple is 
+5 per cent peak-to-peak. Burmac 
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NO STEPPING SWITCHES IN THIS 
ULTRA-RELIABLE DVM: Cubic announces a new 


digital voltmeter design that eliminates stepping switches and, with them, the 
need for periodic maintenance. The new Cubic V-70 uses the same ultra-reliable 
reed relays developed for submarine cables. These reed relays are sealed in glass 
and have practically unlimited life. They are noiseless and completely unaffected 
by operating position. 

Accurate: The V-70 reads any d-c voltage from 0.001 to 999.9 volts with an 
absolute accuracy of 0.01% plus or minus 1 digit. The Cubic V-70 Digital Volt- 
meter provides these and other premium features at a cost of only $1,580. 
For details, write to Dept. ET-104, Industrial Division, Cubic Corporation, San 
Diego 11, Calif. (in Europe: Cubic Europa S.p.A., Via Archimede 185, Rome). 


Cubic manufactures a complete line 2m~ ° 

of quality digital instruments, : CU bic 
including a-c and d-c voltmeters, mi] CORPORATION 
ohmmeters, ratiometers, scanners ' 


and printer controls. SAN DIEGO, CALIF., U.G.A. ROME, ITALY 


INDUSTRIAL DIVISION 
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YOUR COPY IS READY 


Send for it now if you use: 


@ Regulated d-c power supplies @ Line-voltage regulators @ Voltage- 
regulating transformers @ Frequency changers (variable-frequency 
power sources) @ High-voltage d-c supplies @ High-voltage a-c and 
d-c testers (to 300,000 volts) @ Miniature transistorized inverters, 
and converters. 

... Plus valuable technical information. Get your copy from your nearest 
Sorensen representative or write: Sorensen & Company, Richards Avenue, 


South Norwalk, Conn. 1.9 






CONTROLLED POWER PRODUCTS 


The widest line—your wisest choice 





‘ ‘cageaea > 
A SUBSIDIARY OF RAYTHEON COMPANY 
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Electronics Co., Inc., 142 So. Long 
Beach Rd., Rockville Centre, N.Y. 


Circle 526 on Inquiry Card 
RECTIFIERS 


Series MP, stud-mounted power units 
handle up to 40 amps at 150 C in half- 
wave circuits. Double-diffused silicon 





Ee 


junction construction. Peak inverse 
voltage: 50 to 800. In full-wave circuits, 
60 amps can be obtained. Trans-Sil 
Corp., 55 Honeck St., Englewood, N.J. 

Circle 527 on Inquiry Card 


RETAINING RING 


Series 5160 rings, for assemblies sub- 
jected to extreme loading conditions, 
have high thrust and impact resistance. 
Illustration: two rings, one on each 





side, retain a shield bearing on a shaft, 
replacing a machined shoulder and 
heavy-duty nut. There are 11 sizes for 
shafts from 0.473-2.0 in. diam. Waldes 
Kohinoor, Inc., 47-16 Austel Pl., Long 
Island City 1, N.Y. 

Circle 528 on Inquiry Card 


TORQUE TRANSDUCER 


Model C-B4 torquemeter employs vari- 
able inductance transducers to measure 
angular twist. Output is read on 
standard carrier amplifier equipment. 
Units mate drive and load end con- 
figurations in accordance with AND 
standard specifications. Drive and the 
load end mounting detail conform to 
AND 10262. Other models in series 
operate at speeds to 20,000 rpm, sense 
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...in a compact, low-maintenance conductor system 
for heavy-current industrial applications 


The copper-headed steel conductor 
rails, shown above, of the Ringsdorff 
Carbon Corp., East McKeesport, Pa., 
help provide many economies in con- 


The heart of the Ringsdorff Current Conductor 
System—the copper-headed steel conductor rail 
and pantograph current collector with a graphite 
carbon shoe. Components, including rail hangers 
and joints, are available in a wide variety of 
sizes, with capacities up to 2000 amps, for either 
a-c or d-c systems. 


MAY 1961 


ductor systems for such heavy-current 
users as traveling cranes, ore bridges, 
monorails—using either a-c or d-c. 

The system is simple and compact. 
One basic steel shape provides strength 
and simplifies installation. Over it is 
cold drawn the copper head of ex- 
truded Anaconda ETP Copper-100, in 
the size to meet individual current re- 
quirements. (Copper-headed conduc- 
tor rail, left, 500 amps; right, 1500 
amps.) Less space is needed; installa- 
tion is easier than with aluminum rails. 

Long life and low maintenance. The 
special Ringsdorff carbon graphite used 
in sliding contacts has an affinity to 
copper, putting down a film that lubri- 
cates its passage and protects the rails. 
Wear on the copper head is negligible 
over periods of 20 to 25 years. Only 


maintenance is replacemént of carbon 
shoes, having an average life up to 3 
years. Aluminum rails must be pro- 
tected by lubrication or they will wear 
and pit—when out of use for a period 
may develop an insulating oxide film. 

This is another illustration of the 
way the unique prope rties of copper 
are being utilized in industry to do 
things better—at lower cost. Anaconda 
has teams of specialists available to sit 
down with members of your organiza- 
tion to help select the alloys and forms 
of metal to solve your value analy- 
sis problems. For such technical he Ip, 
see your Anaconda representative, or 
write: Anaconda American Brass Com- 
pany, Wate srbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ontario. 6147 


COPPER BRASS BRONZE NICKEL SILVER MILL PRODUCTS 
Anaconda American Brass Company 
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NEW G-E GLOW LAMP (NE-83) 
EFFECTIVELY HANDLES 
CURRENTS UP TO 10 m.a. 


NE-83 * 
ACTUAL 
SIZE 





Here’s a General Electric Glow Lamp that operates at currents many 
times higher than most glow lamps. At 10 milliamps, the NE-83 will 
hold its breakdown and maintaining voltage within five volts of 
initial for an average life of 500 hours. At lower currents life increases 


exponentially. 


Although this product is too new for us to establish voltage 
regulation specifications, it shows considerable promise for this 


application in the 1 to 10 milliampere range. 


Leads of the NE-83 are plated for easier soldering. It contains a 


mild radioactive additive to reduce breakdown voltage in darkness. 


DIRECT CURRENT SPECIFICATIONS 


Breakdown Voltage 60-100 volts d-c 
Maintaining Voltage at 10.0 m.a. avg. 65 volts d-c* 
Design Current 10.0 m.a. d-c 


Life (at 10 m.a. d-c for an average change 
of 5 volts in breakdown and 
maintaining voltage) 500 hours 


*Average after 100 hours burning at rated current. Individual 
lots may vary from average. 





There’s a General Electric Glow Lamp to suit every circuitry need 
For the latest information on Glow Lamps as Circuit Components 
and Indicators, write for 4-page Bulletin #3-0193. General Electric: 
Co., Miniature Lamp Dept. M-038 Nela Park, Cleveland 12, Ohio 


Progress ls Our Most Important Product 


GENERAL @@) ELECTRIC 


218 Circle 207 on Inquiry Card 





torques from 0 to 50 in.-lb full scale 
to 0 to 1200 in.-lb fuli scale. B & F 
Instruments, Inc., 3644 No. Lawrence 
St., Philadelphia 40. 

Circle 529 on Inquiry Card 


NUMBERED CABLE 


Process permits printing of code num- 
bers or letters on  multi-conductor 





cables used in electronic circuitry. 
Employs fluorocarbon-resin inks which 
are sintered so that numbers or letters 
become permanent part of wire insu- 
lation. American Super-Temperatures 
Wires, Inc., Winooski, Vt. 

Circle 530 on Inquiry Card 


CRYSTAL CAN RELAY 
Type AR 4PDT relay, for aircraft and 


missile applications, features center- 
of-gravity mounting. Unit is rated at 
2-amp 28-volt resistive load; provides 





100,000 operations min. Withstands 
20 g vibration at 2000 cycles and 50 g 
shock. Coil voltages vary from 6 to 
115 volts d-c. Operating temperature 
range is —65 to +125 C. Branson 
Corp., P.O. Box 234, Whippany, N.J. 

Circle 531 on Inquiry Card 


CRYSTAL OVEN 


Model PGO3 oven has usable cavity 
volume of 13 cu in. Oven temperature 
can be varied from 85 to 125 C. Headers 
with 8 to 11 pins are standard. Voltage 
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A COMPLETE RELAY LINE FOR 


Simplified, Economical Industrial Control 


NEW! 


TIME DELAY 
CONTROL RELAY 


These four Dunco industrial control relays 
simplify and economize control panels which, 
in the past, have often been “over-relayed”’ 
with larger, more costly types or types entail- 
Conibiee 0 high eanltie RE vat ing more complicated circuitry. All four relays 
work triggering a 4-level transis- are in matched designs using 12-pin plugs and 
tor with the Dunco general-pur- heavy-duty industrial sockets. Contacts are 
pose control relay. Timing is conservatively rated 10 amperes. Standard 
adjustable over a 90:1 scale in a : ; 
erp 150 volt electrical spacings are used through- 
two standard ranges: 0.2 to 18 : : 
out. Write for Data Bulletin on any type to 


seconds; or 2 to 180 sec — 


"Se aes Write for Data Bulletin 62: STRUTHERS-DUNN, Inc., Pitman, N. J. 


STRUTHERS-DUNN 


WORLD’S LARGEST ASSORTMENT OF RELAY TYPES 


Operates directly 


Sales Engineering offices in: Atlanta + Boston « Buffalo + Charlotte + Chicago + Cincinnati + Cleveland + Dallas » Dayton + Denver 
Detroit « High Point » Kansas City » Los Angeles + Montreal . New York + Orlando + Pittsburgh « St. Louis * San Carlos + Seattle . Toronto 
Export: Langguth-Olson Co., New York 
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NOW FROM 3M RESEARCH 


NEW COATED GLASS INSULATION 
SURVIVES CLASS F PUNISHMENT 


Here’s an exceptional insulation for 
motors, transformers, coils, and other elec- 
trical equipment that operates continu- 
ously at high temperatures. New “‘iIrving- 
ton’’ Brand Epoxy Coated Glass No. 2525 
retains its electric strength and flexibility 
even after sustained aging at rugged Class 
F temperatures. It is particularly suited for 
use in epoxy impregnated or cast units. 
Extremely flexible and snug conforming, 
No. 2525 offers excellent compatibility 
with epoxy systems. It helps eliminate voids, hot spots, delaminations 
and moisture access points; will not contaminate or degrade trans- 
former oils. 


Use “‘Irvington’’ Epoxy Coated Glass No. 2525 for phase insulation, 
coil separator and interlayer insulation, or as an outer wrap on coils of 
all types. Available in tape, sheet or roll form in thicknesses of .003”, 
.007” or .010". For further information write: 3M Company, 900 Bush 
Ave., St. Paul 6, Minnesota. Dept. ECC-51. 


Irvington Division 
MMitamesora Afinine ano \ffanuracrunine company 
... WHERE RESEARCH 1S THE KEY TO TOMORROW 

IRVINGTON 1S A REGISTERED TRADEMARK OF 3M CO., ST. PAUL 6, MINN. 
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requirement is 28 volts d-c. Unit 
measures 5 in. high, 3 in. diam, weighs 
15 oz. Bulova Watch Co., Inc., 40-01 
61 St., Woodside 77, N.Y. 


Circle 532 on Inquiry Cara 


PUSH-PULL LIMIT SWITCH 


Model 9439DW2 switch provides heavy 
duty, watertight, double circuit switch 


system. Contacts are NC, rated 10 
amp, 600 volts a-c; or 2 amp, 600 volts 
d-c. Adjustment is made by stop col- 
lars. Incorporates 4 in. conduit tap. 
Atlee Corp., 99 Grove St., Rockland, 
Mass. 

Circle 533 on Inquiry Card 


MERCURY RELAY 


Series V5l mercury-wetted contact 
relay has operating time of 3 millisec, 
can be driven to 100 operations per 
sec. Relay switches 250-va load; has 


sensitivity of 250 mw. Contacts are 
make-before-break, release time is 31 
millisec. Automatic Electric Co., North- 
lake, Ill. 

Circle 534 on Inquiry Card 


A-C POTENTIOMETER 


Model 5803 precision potentiometer 
has high input impedance, low output 
impedance, reduces quadrature and 


loading effects. Impedance range is 
1000 to 75,000 ohms; rated power is 
3.5 watts at 40 C. Max noise is 100 
millivolts. Unit has 3-in. diam; utilizes 


ELECTRO-TECHNOLOGY 





THE NATIONAL 
ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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Durant Sales Engineers 
will supply a PRODUC- 
A 0 sae 
Teal ae ll Sola E 7 
designs and 
manufactures 





WRITE FOR LITERATURE 


DURANT MANUFACTURING CO. 


1962 N. Buffum St., Milwaukee 1, Wis. 


62 Thurbers Ave., Providence 5, R. I. 
Representatives in Principal Cities 


WR RAIN!) TT 








Circle 211 on Inquiry Card 


Specify KIRKWOOD 
COLLECTOR RINGS ‘“:...., 


MADE TO YOUR SPECIFICA- 
TIONS IN EITHER STEEL 
CORE OR MOLDED TYPE. 


KIRKWOOD Collector Rings 
are completely dependable and 
efficient. Most of your re- 
quirements can be obtained 
from KIRKWOOD stock. 

















a - 
*es** 4855 W. 130th St., Cleveland 35. Ohio 
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ball bearing servo mount. Beckman 
Instruments, Inc., 2500 Fullerton Rd., 
Fullerton, Calif. 

Circle 535 on Inquiry Card 


TELEPHONE JACKS 


Series J6-100 twin jacks are molded 
on 5% in. centers. Units measure 14 x 
14%, x 3% in., weigh 16 gm. Insulation 


‘ 





is phenolic, springs are nickel silver 
or beryllium copper. Available in over 
250 circuit combinations. Carter Parts 
Co., 3401 Madison St., Skokie, Ill. 

Circle 536 on Inquiry Card 


CAST EPOXY ROD 


Epoxy materials, Series 2000, when 
used for wirewound resistors, meet 
MIL-R-93B. Thin wall shells and re- 
sistor bobbins machined from material 
that maintains dimensional stability. 
Material covers range of colors and di- 
ameters. Volume resistivity, 0.19 X 
10% at +180 C. Boonton Molding Co., 
Boonton, N.J. 


Circle 537 on Inquiry Card 
MINIATURE RELAY 


Hermetically-sealed relay measures 0.2 
x 0.4 x 0.6 in., weighs 0.1 oz max. 
Rated at 20-g 2000-cps vibration; shock 


to 100 g. Operating temperature range 
is —65 to +125 C. Rated at 0.25 amp, 
with contact life of 100,000 cycles min 
at 28 volts d-c. Offered in coil re- 
sistances of 500, 1000 and 2000 ohms, 
and voltages of 12, 16 and 18 to 30 
volts. Control Dynamics Corp., No. 
Hollywood, Calif. 

Circle 538 on Inquiry Card 


COMPRESSION 

ACCELEROMETER 

Model 706 accelerometer senses ac- 

celeration range from 0.02 to 40,000 

g, amplitude linearity is +1 per cent. 
(Continued on page 224) 
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PM SERIES POWER RELAY 
by POTTER & BRUMFIELD 


—3} Approx. 


TOP VIEW 


® 


& 


J ee , | 
a ANNOUNCING 
Se AN Naueins J \ 


NEW SPACE SAVER 


P&B compact 4PDT power relay switches one H.P. per moveable arm 


Save panel space! This new 4-pole relay Is only %” wider than our PR PM ENGINEERING DATA 

Series, America’s most popular 2-pole power relay! Yet, it is engineered GENERAL: 

for reliable heavy-duty switching ... and you can confidently expect 10 Description: Heavy-duty AC power relay. 

million mechanical operations. Insulating Material: Molded phenolic. 

PM Series relays are rated at 16 amperes (or 1 H.P.) at 115 volts, 50/60 cycles Incvlation Resistance: 100 megolms minum. 

resistive ... and special relays can be supplied for loads up to 25 amperes, Mechanical Life: 10 million operations minimum. 

at 220 volts, 50/60 cycles resistive. Heavy screw terminals are arranged for Contact Life: 100,000 operations minimum at rated load. 
fast, easy hook up. An adapter plate is available for mounting PM relays Breakdown Voltage: 2,000 volts rms minimum between all 
in the same location used for 2-pole relays. eonaupstbenabacaicr 2 


E ; E t Ambient Temperature: ~55°C to +55°C. 
For full information, write today or call your nearest P&B representative. Weight: Appresimotely 14 ox. 


Pull-in: 78% of nominal voltage. 
Terminals: Heavy-duty screw type with No. 8-32 BH screw. 


CONTACTS: 
Arrangements: 4PDT or 4PST—normally open. 
Material: “%” dia. silver-cadmium-oxide. 
Rating: 16 amps @ 115 volts, 50/60 cps resistive. 
8 amps @ 220 volts, 50/60 cps resistive. 
1 H.P. per moveable, 115 or 220 volts AC single phase. 
25 amps @ 220 volts, 50/60 cps resistive available on 


special order. 


PR Series MR Series AB Series cols: 


Voltage: 6 to 230 volts AC 50/60 cycles. 
A whole family of power relays for a wide range of applications carry the Power: 14 volt-amps average at nominal voltage. 
P&B symbol of quality, Call P&B first for all your power relay requirements. Duty: Continuous. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTORS 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY ° PRINCETON, INDIANA 


IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 








REDUCED CORE LOSS... 
LESS EXCITING CURRENT 
WITH NEW WESCOR* CORE 


New Westinghouse Wescor core com- 
bines the improvements in quality and 
permeability of Hipersil® steel with a 
newly developed method of forming a 
series of step-lapped core joints. Re- 
sult: higher possible working induc- 
tions in the magnetic circuit. In fact, 
core loss is 33% less than equivalent 
type C core . . . with comparably lower 
exciting current. 

Wescor cores are pretested and ship- 
ped from stock in 27 sizes, ranging from 
30 to 400 pounds. More details from 
your nearest Westinghouse representa- 
tive, or write Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 
30, Pennsylvania. *Trademark 


You can be sure .. . if it’s Westinghouse 


3-70953 
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Operating temperature range is —65 
to +350 F for standard units. Sensi- 
tivity is 35 mv per g; frequency re- 
sponse is within +5 per cent. Unit 
weighs 25 grams, has natural frequency 
of 60 ke. Case is stainless steel; 
measures 0.53 in. high. Columbia Re- 
search Labs, MacDade Blvd. & Bullens 
Lane, Woodlyn, Pa. 

Circle 539 on Inquiry Card 


MINIATURE CAPACITORS 


Non-polar tantalum capacitors vary 
in value from 0.00680 to 0.047 uf, 
with working voltages to 50 volts. 





Smallest unit measures 0.100 x 0.090 


x 0.065 in. Operating temperature 
range is —55 to +85 C. Leakage 
current at rated voltage is 0.5 wamp 


at 25 C. Components, Inc., Smith St., 
Biddeford, Me. 
Circle 540 on Inquiry Card 


RECESSED CIRCUIT BOARD 


printed-circuit boards 
have recessed within the 
laminate. For two-sided circuits. When 
used in commutator and switch appli- 
conductors are flush with 
board, eliminating brush bounce. Re- 
conductors resist lifting and 


a@.. 


Electro-plated 
conductors 


cations, 


cessed 
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NEW IDEA 





TORQ speep 
DETECTOR CONTROL 


Patents & Patents Pending 


In another of many new-idea applica: 
tions, a compact TORQ speed detector 
switches a speed scale for continuous, 
direct reading from the 0-1,000 to the 
0-4,000 band, in an automobile distri- 
butor testing instrument. At the same 
time, the TORQ device automatically 
controls color-coded lamps to designate 
the scale in operation. The results are 
fool-proof direct reading of speed, 
simpler instrument operation and_in- 
creased versatility. 

TORQ speed detecting/control devices 
are snap centrifugal 
They actuate on speed alone, are vir- 
tually frictionless in operation, are built 
to specification tolerances at speeds from 
0 to 15,000 rpm and are rated up to 1.5 
million cycles of uniform operation. 


acting, switches. 


@ DIESEL ENGINES 
are practically run by a 
TORQ switch . . . cuts 
out crankir.., motors, con- 
trols cooling circuit, pro- 
vides differing fuel re- 
quirements, signals full 
speed 


@ ELECTRONIC EQUIP- 
MENT is protected against 
overheating with a 
TORQ switch to cut out 
circuit in event of cooler 
blower failure. 


@ CONVEYORS are 
turned off automatically 
with TORQ switch if, 
for any reason, they fall 
below proper operating 
speed. 





If your equipment employs a rotating 
shaft, you can use a TORO switch. 


TORQ 


ENGINEERED PRODUCTS, INC. 
34 West Monroe Street Bedford, Ohio 
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WANT A WIDE 
CHOICE OF WIRE’? 


«WIRE PACKARD 
ELECTRIC! 


A SINGLE SOURCE FOR REGULAR 
AND SPECIAL CABLE AND WIRE 


Our sales engineers will help you select the 
exact wire or cable you need from our broad 
line of electronic, aircraft, marine, appliance 
and automotive cable. We also specialize in 
magnet wire of outstanding uniformity 

and power cords engineered to specifications. 


And, remember, Packard products are 

all Packard—Packard created, engineered and 
manufactured. Our research and development 
team starts with raw materials and carries 
them through from design engineering to 
finished product. This integrated production 
means on-time delivery and more effective ' 
quality controls. So, if your product demands 
reliability in cable or wire . . . wire 

Packard Electric, Warren, Ohio. 


Packard Electric 
Warren, Ohio (al 


“Live Wire” division of General Motors 
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now designed for 
85 C operation 


... another 
step toward 
optimum reliability 


Compulytic Capacitors now per- 
mit digital computer power supply 
filtering at operating temperatures 
to 85 C...a full 20 C higher than 
capacitors offered by other sources. 
Compulytics will reduce your de- 
sign headaches by simplifying your 
cooling and ventilating problems. 

Type 32D Compulytic Capacitors 
display extremely low leakage cur- 
rent and low ESR, and have higher 
permissible ripple current values. 
Extended shelf life of 3 years and 
more is another outstanding feature. 

Because of their extremely high 
stability, Compulytics are ideally 
suited for use in continuously ad- 
justable voltage power supplies 
since they will not “deform” when 
operated for long periods at lower 
than rated voltages. 

Ratings to 130,000 uF at 2.5 
volts or 630 uF at 450 volts are 
skillfully packed into the largest 
standard case size of 3" dia. x 4%" 
high. Capacitor banks as large as 
1 farad have been constructed, in 
relatively small space, with Com- 
pulytic Capacitors. 

Write for Engineering Bulletin 
3441B to Technical Literature Sec- 
tion, Sprague Electric Company, 
307 Marshall Street, North Adams, 
Massachusetts. 


SPRAGUE 


THE MARK OF RELIABILITY 
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Three New Additions _ 
to the Sprague MADT* 


Transistor Line 





The Sprague Electric Company 
has added a new series to their 
highly-successful line of Micro-Alloy 
Diffused-base Transistors. 

The new units, Type 2N768, 
2N769, and 2N779A, are high-speed | 
switching transistors in TO-18 cases. 
Their unique electrical characteristics 
further expand the varied applica- 
tions to which Sprague MADT 
Transistors can solve circuit design. 
problems. 

Type 2N768 is a micro-energy 
switch designed for low current, low | 





| voltage, high speed applications. 


| other transistor in the industry. It is 


| trolled-etch process to insure extreme 





Type 2N769 is the fastest switch- | 
ing transistor yet developed. It will 
operate reliably at speeds in excess 
of 100 mc. 

Type 2N779A is manufactured with 
tighter parameter control than any 


ideally suited for NOR logic and 

other super-critical applications. 
These hermetically-sealed germa- | 

nium transistors are made by a con- 


uniformity. Maximum frequency 
capabilities have been improved by 
graded-base construction. Auto- 
mated manufacturing techniques 
have brought about increased pro- | 
duction efficiency, permitting favor- 
able reductions in prices. This is | 
why Sprague MADT Transistors | 
can offer you greater performance 
per dollar than other high-speed | 
devices in low-current switching 
circuits. 

For prompt application engineer- 
ing assistance, write Commercial | 








| Engineering Section, Transistor Di- | 


| vision, Sprague Electric Company, | 


| 

Concord, N.H. 

For complete engineering data | 
sheets, write Technical Literature Sec- 
tion, Sprague Electric Company, 307 
Marshall St., North Adams, Mass. 


“trademark of Philco Corp, ' 
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cracking. Combined Electronics, Inc., 
Cicero, Ill. 
Circle 541 on Inquiry Card 


BIMETAL DISK THERMOSTAT 
Type 11T thermostat, SPST or SPDT, 
has less than 8-F differential. Calibra- 
tion rang»: 125 to 180 F. UL listed at 





25 amp resistive or 1 hp inductive at 
120 or 240 volts a-c. Thermo-O-Disc, 
Inc., Mansfield, Ohio. 

Circle 542 on Inquiry Card 


CRIMP-TERMINATION 
COAXIAL CONTACTS 


Snap-in contact for shielded wire with 
crimp terminations is suitable for 
coaxial cable with 0.079 to 0.190 in. 





outer dimensions. Contacts can be 
, es 
= “Se = = Fr ae 


removed for re-work; min contact 
retention is 25 Ib. Both outer and 
inner conductors have crimp termi- 
nations, use grommets. 
Range of configurations is interchange- 
able with connectors utilizing bonded-in 
coaxial contacts. The Deutsch Co., 
Electronic Components Div., Municipal 
Airport, Banning, Calif. 

Circle 543 on Inquiry Card 


FIXED-FREQUENCY 
OSCILLATOR 


Solid-state oscillator has frequency 
range from 1 to 100 kc; input voltage 


sleeves and 


is 12 volts. Operating temperature 
range is 410 to +85 C. Frequency 
stability is +0.15 per cent; measures 


1% x 11% x 2% in. Crown Engineering, 
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PUTTING MAGNETICS TO WORK 


Sign up for the Magnetics self-impro vement course: 


ability tape wound cores and bobbin cores which are 
used in amplifier circuits), we have started this course. 
Lesson 1, ‘“‘How to Reduce Magnetic Circuit Size and 


Here’s free help to enable you to improve yourself—and 
your position as a magnetic circuit designer. You need it if: 


: d 
You don’t know how to work with E=n < to re- 


duce the size of magnetic amplifier circuits. Most men 
who design amplifiers for cramped operation in mis- 
siles have found it invaluable. 


What’s more, you may only vaguely remember 


H=.40——, so how can you use it to cut circuit 
m 


size by two to ten times, and shorten response time 
proportionately ? 


It’s quite possible that you, like many engineers, may 
have bypassed or been bypassed by magnetic circuit 
theory as a working tool while you were in school. Yet 
this science has opened frontiers of static control which 
makes an understanding imperative if you are to do your 
job—and further your career. For your sake (and for 
ours, too,‘ because we manufacture and sell high perme- 
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Response Time,”’ will be on its way to you immediately 
if you use the coupon below. 


a 


MAGNETICS inc. 
| y 


COPS EEE HEHEHE EEEHE EH EHEEHEEES 


MAGNETICS INC., DEPT. ET-86, BUTLER, PA. 


Please enroll me in your free self-improvement course, and send me 
“How To Reduce Magnetic Circuit Size and Response Time.” 


name__ 


title 


company 


address ate 
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Thousands? Tens of thousands would be more like it. The point 
is this: if Douglas had used conventional methods of extracting 
those square roots, the DC-8 would probably have been longer 
getting off the ground. Why? Because ordinary square root methods 
are a man-hour bottleneck and a troublesome source of errors. 


How does Douglas get its square roots? With the Friden SRW... 
the only desk calculator in the world that automatically extracts 
square roots at the touch of a key. Douglas has 54 SRW’s. And 
would hate to have to do without them. 


You might not need 54 machines, but it’s a rare engineering depart- 
ment that couldn’t profit by the addition of at least one of these 
versatile engineering calculators. Ask your local Friden Man to 
show you what it can do. Or write: Friden, Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: automation so hand-in-hand with 


practicality there can be no other word for it. oe secant 


| d 
Sales, Service and Instruction Throughout the U.S. and World Il Cl) 
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3821 Commercial, N.E., P.O. Box 6127, 
Albuquerque, N.M. 
Circle 544 on Inquiry Card 


TRANSISTOR TRANSFORMERS 


Miniature transformers and chokes for 
printed-circuit mounting have lead 
spacings on 0.1 in. centers. For input, 


output, interstage or driver appli- 
cations. Units are encased in drawn 
steel, measure %g in. high, 3 in. diam. 
Frequency response is 200 to 50,000 
cps. Max power varies from 10 to 40 
mw. Decco, Inc., Box 13325, 2025 
Farrington, Dallas 7, Texas. 

Circle 545 on Inquiry Card 


WIDE-BAND TRANSFORMER 


Model RFT-130, a 1 to 30 me r-f 
transformer, matches 50-ohm_ un- 
balanced source to 1200-ohm balanced 
load. Contains static shield; high im- 
pedance winding is center-tapped. 


Frequency response is within 3 db 
from 1 to 30 mc. Flat loss is approx 
1 db. Potted in epoxy resin, measures 
1%6 cu in. Hermetically sealed unit 
is furnished with 50-ohm’ BNC con- 
nector. Columbia Technical Corp., 
24-30 Brooklyn-Queens Expressway W., 
Woodside 77, N.Y. 
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TRANSISTOR CIRCUIT CARD 


Circuit card is suitable for bread- 
boarding semiconductor circuits and 
fabrication of prototype units. Analog 
and digital circuits are developed by 
inserting components into pre-drilled 
holes. Cards are 44% x 6% in. with 
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TO THE ENGINEER 


who can use a little honest trickery 


There’s more than one way of skinning a cat 
—or making ideas work automatically. And 
AE has a bag-full. 


That’s because AE has had years of experi- 
ence in making relays and stepping switches 
work wonders in automatic telephone 
exchanges—and in automatic control devices. 


If you can use some down-to-earth magic in 
your designs, AE engineers will be glad to 
help. And you may well find that their sug- 
gestions can simplify the control package. 


They can also show you why AE relays and 
stepping switches cost you less in the long 
run. 


For instance, the AE Type 45 Stepping 
Switch, illustrated, has a free-floating 


pawl that never binds, never breaks, elim- 
inates the necessity of ever readjusting 
armature stroke, does away with double- 
stepping or overthrow. And the switch 
usually outlasts the equipment it’s built 
into! 

You’ll also be interested in knowing that AE 
is equipped to deliver completely wired and 
assembled control units designed to your 
specifications. 


If you need timed impulses at equal or 
unequal time intervals, accurately spaced, 
send for more information on these high- 
speed, multi-contact rotary stepping 
switches. Just write the Director, Control 
Equipment Sales, Automatic Electric, 
Northlake, Illinois. Ask for Circular 1698-J. 


AUTOMATIC ELECTRIC 
GENERAL TELEPHONE & ELECTRONICS 
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Let Morgan Dolt... 


Not Henry, Frank or Helen, but Morgan 
Circuit . . . the one that can save you SIX 
semiconductor switches if you have to 
convert varying DC voltages to fixed AC 
and/or DC voltages. The old fashioned 
way is to go through clumsy double steps 
of regulation and then inversion with 
power transistors, as shown in the follow- 
ing piece of highly sophisticated artwork: 
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A total of seven power transistors ... and 
if one fails, you’re dead. BUT, with 
Morgan you use one SCR and get far 
greater reliability, a much simpler circuit 
at far less cost, thusly: 
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For more information, write to Section 
20E17 and ask for application note 610.5. 





Did it ever occur to you that if you’re 
building your own rectifier stacks 
you're going to an awtul lot of un- 
necessary trouble and expense? Add 
up the time, labor and cost of mak- 
ing your own heatsinks, assembling, 
clearing touled up wiring, testing, 
etc., etc., and compare it with the 
price of pre-assembled, pre-tested, 
guaranteed ready to use G-E recti- 
tier stack assemblies. You'll be 
surprised! 





Torque About Strength! 


The base of our 4JAS silicon low current 
rectifier is about as strong as the mind of 
man and the limits of nature will allow. 
It comes to our attention, however, that 
on rare occasions the muscleman type can 
crack the silicon wafer with excessive 
torque on the wrench. (Please, never use 
force when a longer wrench will do the 
job properly.) We’ve even heard of a 
square-peg-in-a-round-hole type who 


mounts the unit in an oversized hole, and 
that’s no help either. 


But this will help: 


gor 


THICKER, 


That’s right, we’ve increased the vital 
stud dimension from 1 mm thickness to 
1.8 mm (approx.), to prevent this kind 
of accidental damage. Just one more 
example of our ceaseless, unrelenting, 
determined, dogged and always sincere 
effort to anticipate your problems and to 
continually increase quality. 


Maybe We’re Impulsive... 


but the Morgan circuit in the first item 
brings up the subject of “inverter-type” 
SCR’s in general, and the fact that they 
can be used profitably anywhere an SCR 
is turned off by the charge on a capacitor 
or by an electrical impulse. Like, for 
instance: 


@ DC static switches @ DC to AC in- 
verters @ Frequency changers @ DC to 
DC converters @ Morgan circuits @ DC 
chopper circuits and voltage regulators @ 
SCR flip flops @ Current limiting circuit 
breakers 


In these circuits, inverter type SCR’s 
improve system efficiency, voltage regula- 
tion, speed of response, and reduce the 
size and weight of commutating compo- 
nents for the SCR. Right? Right! 

Now comes the pitch. (You didn’t think 
our impulsiveness was entirely without 
self-interest, did you?) To the best of our 
knowledge, G-E inverter type SCR’s are 
the only standard units on the market 
with published specs for maximum turn- 
off time. As a matter of fact, we’re even 
ready to furnish you FREE a comprehen- 
sive report on turn-off time, what it 
means, and how it’s measured. Just drop 
a line to Section 20E17 and ask for “Turn 
Off Time Characterization and Measure- 
ment of Silicon Controlled Rectifiers.” 
Write today; you'll make Ray Dyer and 
George Houghton very happy. (They 
wrote it.) 

Rectifier Components Department, 
General Electric Company, Auburn, N.Y. 
In Canada: Canadian General Electric, 
189 Dufferin St., Toronto, Ont. Export: 
International General Electric, 150 E. 
42nd St., N.Y. 17, N.Y. 


GENERAL 
ELECTRIC 
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standard 28-contact connector. Circuit 
Structures Lab., P.O. Box 1194, Santa 
Ana, Calif. 
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VAPOR PRESSURE 
THERMOMETER 


Thermometers for high-accuracy de- 
termination of temperatures in cryo- 
genic regions employ sealed gas as 


sensor. Units cover range from 2 to 
150 K, accuracies from +0.1 to +2.5 
K. Units feature response time of 
better than 200 millisec. Excitation is 
5 volts d-c or a-c, carrier frequency 
0 to 20 ke. Output is 20 my nominal. 
Cryogenics, Inc., 1129 Vermont Ave., 


N.W., Washington 5, D.C. 
Circle 548 on Inquiry Card 


FLIP-FLOP AND 
GATING MODULES 


Series of quadruple flip-flops and 
capacitor-diode gating circuits forms 


part of 500-ke static-logic system. Cir- 





cuits permit applications in parallel- 
serial conversion, binary-coded-decimal 
counting, storage and set-reset appli- 
cations. Quick connections and circuit 
changes are accomplished through use 
of positive-locking taper-pin patch- 
cords. Digital Equipment Corp., May- 
nard, Mass. 
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MAGNETIC MEMORY DRUM 


Model M-1250 50-track, 300-kc drum 
operates at nominal 3600 rpm with 
capacity of 133 bits per in. Internal 
dessicant reduces dewpoint to —65 F; 





features hermetically sealed connectors. 
Unit utilizes 60 cps, single-phase 110- 
volt motor. Measures 12 in. high, 17 in. 
diam; weighs 80 lb. Digital Develop- 
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new-lube-free 


Sterling’s variable speed drive 
never requires lubrication 


All lubrication maintenance prob- 


lems are eliminated by Sterling’s 
new variable speed drive. Fret cor- 
rosion is completely eliminated. 


\ STERLING - Sticky pulleys, resulting from im- 


proper lubrication, are no longer a 

problem. Belt life is lengthened; pul- 
ley wear is eliminated. 

Special load-bearing surfaces never 

require any attention or lubrication. 

Keys and bushings will not wear out. 

Shaft surfaces are also tough and 


wear resistant. 


Sterling’s new “Lube-Free” variable 
speed drive can be installed in any 
location, no matter how inacces- 
sible, since lubrication maintenance 
is no longer needed. 

Complete application and product 
information is available by writing 
Dept.S-3, Sterling Electric Motors, 
Inc., 5401 Telegraph Road, Los 
Angeles 22, California—or by con- 
tacting the Sterling field engineer in 
your area. 


Tough shaft surfaces provide unusual 
chemical resistance and anti-frictional 
properties. Specially fabricated keys and 
bushings hold up indefinitely. 


Sterling Electric Motors, Inc. 


5401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
A Subsidiary of HATHAWAY INSTRUMENTS, INC. 
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Four ways to reduce 
metallic whiskers — 
Troublesome whiskers tend to 
grow from surfaces of electrical 
and electronic components in 
close proximity. 





Example of metallic whisker growth on 
angle bracket 


By bridging gaps between contact 
points, the whiskers cause shorts. 
As a result of research fostered 
by telephone companies and the 
tin industry, it has been deter- 
mined that whisker growth can 
be reduced in any of four ways: 
@ Tin coatings can be increased to an 
ideal thickness of .005 in. 
@ Components can be flow-melted 
@ Components can be hot tin dipped 
rather than electrolytically coated 


@ Lower ambient temperatures can be 
used to inhibit whisker growth 


Superior solderabitity 
can be obtained with a hot dipped 
or electroplated coating of .0003 
in. This thickness is least in- 
fluenced by factors of basis metal, 
undercoat layers and after-treat- 
ment—according to solderability 
studies of various coatings of tin, 
alloys of tin with lead, zinc, cadmi- 
um, and cadmium and silver. 


FREE Brochure 


16 interesting 
pages of informa 
tion about the 
latest uses of tin 


in U.S. industry. Poe —~ 
Write today for #~ 
your copy. = 


The Malayan Tin Bureau 
Dept. T-14E, 2000 K St., N.W., Washington 6, D.C. 
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| ment Corp., 7541 Eads Ave., La Jolla, | 


Calif. 
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INDICATOR LIGHTS 


Lights MS25256 and MS25257 meet 
moisture, temperature and dielectric 
requirements of MIL-L-3661A. Lamp 


\ 
* 


voltages vary from 1 to 28 volts, with 
operating life from 30 to 1000 hr for 
incandescent MS25256. Neon lamp 
NE2D, used with MS25257, has life of 
7500 hr. Drake Mfg. Co., 4626 No. 
Olcott Ave., Chicago 31. 
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HIGH-VOLTAGE 
CAPACITORS 


“Hi-Var” capacitors feature space-sav- 
ing terminal height, permit high voltage 
ratings in sizes that vary from 15% 
and 1'%¢ in. long & 1%6 diam. Com- 
ponents withstand shock, temperature, 








moisture, vibration and life require- 
ments exceeding MIL-C-25C. Units 


offer excellent capacitance _ stability 
over temperature range of —55 to 
+125 C. Capacitance values range 


from 0.1 to 15.0 wf. Voltages vary from 
400 to 12,500 volts d-c. Dearborn Elec- 
tronic Labs, Inc., P.O. Box 3400, 
Orlando, Fla. 
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CRIMP-ON COAXIAL 
CONNECTORS 
Cable connectors with crimp-on con- 


struction in DM and BNC series 
provide convenience in assembly and 











with the accurate 
SERVO-TEK SPEED 
INDICATING SYSTEM 













A truly versatile “pockage” 
provides accurate speed indi- 
cation for almost anything that 
moves. Nearly every industrial 
process or machine can benefit 
by the economy and safety of 
continuous speed indication. 


FEATURES 


SELF-POWERED No batteries or 
external power required. 


LOW VOLTAGE Connecting cable 
can be as long as 500 ft. 


PERMANENTLY LUBRICATED BALL 


BEARINGS. 
EASILY READ 412” INDICATOR 
Damped to withstand vibration 


and shock. 


STANDARD RANGES 0 to 100, 
250, 500, 1000, 2000, 3000, 4000, 
6000, 8000, 10,000 and 12,000 
RPM. These speeds can also be 
provided to read “Percent of Full 
Speed” or “Percent of Capacity.” 
0 to 10 RPM available at small 
additional cost. 


includes generator, 


00 
$87 indicator (specify 


range), mounting base, coupling, 
and 15 ft. of electrical cable. 
Delivery from stock. Quantity 
discounts. 


iacoacrs cof 


1086 Goffle Road, Hawthorne, N. J 






14736 Arminta St Van Nuys, Cal 
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Behind the radio antenna tuning 


on the VO7 and B-58... 


A Vickers custom-designed Servo Amplifier 


Keep it small. Keep it light. Make it rugged. Make it 
reliable . . . These were the tough specs for the Vickers 
two-stage, dual channel servo magnetic amplifier 
ordered for the airborne radio antenna tuning system 
of the 707 and B-58. Vickers engineers developed a 
unit that was compact, lightweight, yet rugged 
enough to stay on the job with no maintenance under 
extreme service conditions. It’s typical of the reliability 
and engineering competence behind all Vickers control 


products and systems, 


A few typical aero-space Vickers control units: 


voltage and frequency comparators, missile autopilot 
amplifier assemblies, closely regulated transistorized 
power supplies. 

Put Vickers design-development-engineering capa- 
bilities behind your control needs . . . a letter or phone 


call, CEntral 1-5830, is all we need. 


EPA 9000-1 


VICKERS INCORPORATED 


Division of Sperry Rand Corporation 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET « SAINT LOVIS 3, MISSOURI 
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Above: Activation unit. 


Below: Scintillation counter. 





For 100% production line 
testing of components... 


CEC’s new RADIFLO LEAK DETECTOR 


There’s nothing like CEC’s new Type 24-510 
Radiflo Leak Detector. This radioactive 
tracer sensing system detects leaks as small 
as 10-11 atm cc/sec...makes 100% testing of 
hermetically sealed electronic and electrical 
components economically feasible. 


Radiflo provides automated activation. Once 
the activation unit has been programmed, 
and components are locked in, a single push- 
button begins a cycle that pressurizes parts 
with Krypton 85, a non-toxic, inert radio- 
active gas. Up to 10,000 components can be 
activated at one time. Inspectors simply 
place activated components into scintillation 
counters — up to 2500/operator/hour. 
“Leakers” are detected and leak rates 


measured by indicated intensity of radiation. 


For complete information, call your nearest 
CEC sales and service office or write for 
Bulletin CEC 24510-X2. 


Analytical & Contro/ Division 





CONSOLIDATED ELECTRODYNAMICS / pasadena, california 


- Belle Howell 
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replacement. In weatherproof or non- 
weatherproof versions, connectors have 
captive-contact construction. Rated at 
50-lb cable pull min. Contacts are 
finished with silver or gold. Dage 
Electric Co., Inc., 67 No. 2nd St., 
Beech Grove, Ind. 
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MINIATURE 
CERAMIC CAPACITORS 


Series of phenolic-coated capacitors 
varies in size from 0.150 x 0.150 x 
0.100 in. thick to 0.600 x 0.500 x 0.150 


thick. Capacitance values range from 
10 pf to 0.036 pf. Rated voltage is 200 
volts d-c. Units operate at temperatures 
to 85 C. Illustrated capacitor has value 
of 2500 pf. Erie Resistor Corp., 644 
W. 12 St., Erie, Pa. 

Circle 554 on Inquiry Card 
HIGH-TEMPERATURE 
LAMINATING RESIN 
“Eccomold L-70” 
temperature resin. When used in con- 
junction with quartz or glass fiber 
fabric, laminates rated for 500-F usage. 
Applications are in radomes, printed 


is a low-loss, high- 


circuit boards, and antenna insulators. 
L-70 is a one-component material; no 
catalyst addition is necessary. Dielec- 
tric constant of a laminate made with 
the material and polypropylene fabric 
is 2.15; dissipation factor is 0.0008. 
Emerson & Cuming, Inc., Canton, Mass. 
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WORM-GEAR SPEED REDUCERS 
Vertical worm-gear speed reducer sizes 
range from 3- to 12-in. center distances 

(Continued on page 238) 
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This schematic tells “‘CVQ’s” secret at a glance... 
how SOLA’s remarkably reliable new power supply 
achieves d-c output ideal for computers and other volt- 
age-sensitive equipment. “CVQ” integrates the advan- 
tages of shunt-circuit regulation with the inherent high 
stability of the SOLA static-magnetic transformer. And 
the result is transistorized voltage regulation with split- 
cycle response! 

“CVQ” answers the demands of dynamic loading. 
Voltage variations are ironed out down to the last tran- 
sient — even to the last ripple of the a-c source. And 
the SOLA static-magnetic transformer automatically 
prevents damage in event of a short circuit. 

SOLA “CVQ” d-c power supplies are available right 
now, in a wide range of ratings; also in custom units 


MAY 1961 


for reliable d-c power 


built to your specific requirements. Advantages include: 
@ More watts per dollar. 


e@ Continuous automatic protection without fuses, both for 
output short circuits, and for open circuits in the voltage- 
sensing circuitry. 

® Output regulated within + 0.04% for line voltage variations 
+15%; 0.2% static-load regulation, 0 to full load. Excel- 
lent response time. 

@ Standard models available in the 120-watt range for 5, 6, 
10 and 12 volts d-c (100-130/181-235/200-260 volt input). 


© Compact mechanical layout — only 1214 x 514 x 19”. 


Get full facts by writing for new SOLA Catalog DCX- 
361A. Or telephone HEmpstead 9-2800, Elk Grove 
Village, Illinois. 


SOLA ELECTRIC CO, 
Busse Road at Lunt, 

Elk Grove Village, 111. 
HEmpstead 9-2800 


IN CANADA, Sola-Basic 
A DIVISION OF Products Ltd., 377 Evans 
BASIC PRODUCTS CORPORATION Ave., Toronto 18, Ontario 
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“MASTER CLOCK” 
for the missile range uses 15 
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Honeywell Visicorder oscillographs 


The Timing Operations Center designed and built 
by Epsco-West for the Navy’s Pacific Missile 
Range is now in use at Point Mugu, California. 
It makes use of 15 Honeywell Visicorders to read 
out (as shown on the unretouched record at left) 
the modulated timing codes distributed as bal- 
anced outputs to the Center’s ‘‘customers.”’ 


These customers are the test and development 
crews on weapons systems, satellites, space ve- 
hicles or any other users of the facility who de- 
pend upon extremely accurate timing signals for 
many purposes including satisfactory correlation 
of telemetry data. The TOC generates as many 
as eleven separate timing signals, any one of which 
may be delivered to any of 36 users at one time. 


Entirely solid-state, the Epsco-West TOC consists 
of a precision frequency standard, the 100-kc/sec 
output of which is accepted by the timing signal 
generator and divided down to one pulse per sec 
by digital divider units. The 1-pps signal is ac- 
cumulated in binary-coded decimal format by a 
counter-type register permuted to read out in 
hours, minutes, and seconds. Recycling occurs at 
23:59:59. Controls include advance or retard in 
10-microsecond increments. 


ST Leona. a: 


i . Sp 


Viscorders are conveniently installed in 
control consoles of three-rack TOC modules. 
Records are immediately legible without 
chemicals or developing. 


The 906B Visicorder also performs a-supplemen- 
tary function as a monitor on the timing and test- 
patch panel, and as permanent “record-keeper’” 
for the built-in indicators and test oscilloscopes. 
Visicorders were selected for their jobs with the. 
TOC because of their versatility, reliability, low 
cost, and compact size (10” x 10” x 1514"; weight, 
37 lbs.). 

Pioneer and acknowledged standard in the field 
of high frequency direct-recording oscillography, 
the Visicorder is available in several models, from 
6 to 36 channels, DC to 5000 cps response, up to 
20,000” /sec writing speed. Honeywell engineering 
is at your service through 120 field offices for help 
in applying one Visicorder or a full system to your 
data acquisition program; or a quantity of Visi- 
corders for OEM application in your products. 


Call your local Honeywell office now or write today 
for Catalogs HC906B, 1012, 1108, and 1406 to 
Minneapolis-Honeywell, Heiland Division, 5200 E. 
Evans Ave., Denver 22, Colorado. Our telephone is 
SKyline 6-3681, Area Code 303. 


Honeywell 
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Tough, heat-proof tape solves blind-fastening problem 


MYSTIK BRAND 


7100-G DOUBLE-FACED 
GLASS CLOTH TAPE 





PROBLEM: how to mount an insulated heating element in a storage cabinet 
to keep prepared foods hot. 
SOLUTION: Mystik 7100-G double-faced tape does the job in two quick steps: 

1. Tape is applied to heating element. Top side of tape is faced 
with interliner. 

2. Interliner is peeled off to expose adhesive which bonds heating 
element to inside of cabinet. Entire operation is completed in less time than 
would be possible by other means of fastening. 

Find out how many ways you can save man hours and cut costs with 
Mystik Brand 7100-G double-faced tape. Its silicone adhesive provides 
class ‘‘H’’ insulation, and it withstands temperatures ranging from—110°F. 
to +550°F. 7100-G is excellent for blind fastening, bonding, splicing, lami- 
nating and sealing...fastens wires easily without need for rivets, grommets 


or brackets. Send in today for additional cost-cutting information. 


® 
MYSTIK MYSTIK ADHESIVE PRODUCTS, 
TAPE 


INC. 
2635 N. KILDARE AVENUE +- CHICAGO 39 
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in nine sizes. Gear ratios vary from 4:1 
to 95:1: ratings are fractional to 175 
hp. Units are fan-cooled, employ hard- 
ened worms centrifugally 
gears. Gear shaft bearings are grease- 
lubricated, with two fittings for each 
bearing. Eaton Manufacturing Co 
3300 E. 80th St., Cleveland 4. 
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and cast 


MYLAR FILM CAPACITORS 


Series F207 Mylar-film dielectric wind- 
ings meet humidity requirements of 
EIA specification RS-164. Capacitance 


’ 


Meese | 
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values range from 0.01 to 1.0 wf; rated 
for 200, 400 and 600 volts d-c. Right 
angle leads permit rapid insertion in 
printed circuit boards. John E. Fast & 
Co., 3598 No. Elston Ave., Chicago 18. 
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PUSH-PULL SWITCH 


Model 30-16 switch has life expectancy 
of over 100,000 cycles and positive de- 
tent action. Unit is SPST, NO, rated 





at 1 amp, 115 volts a-c resistive; con- 
tact resistance is 0.010 ohm. Voltage 
breakdown is 1500 volts a-c. Base is 
molded phenolic per MIL-M-14, Type 
CFG; button is molded phenolic, Type 
CMG or CFG. Mounts in 1%-in. hole. 
Grayhill, Inc., 561 Hillgrove Ave., La- 
Grange, Ill. 
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SCREW-CONTROL 
MECHANISM 
Calibrated device for precise setting of 


variable-speed drives requires 47 turns 
of handwheel to move from 0 rpm 
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UNIVERSAL MOTORS 
1/50 to 1 horsepower 





Be a 


R&M unshackles your designers’ hands by providing a 
wide range of Universal Motors for powering portable 
tools, household appliances, business machines and many 
other products. R&M Universals are available 1/50 to 
1 HP, AC and DC operation, fixed or reversible rota- 
tion, open or totally enclosed, with rigid bases or end 
mounting. Motors feature high operating speed, high 
starting torque, adaptability to speed control, and light 
weight per horsepower. Quality materials, skillful engi- 
neering and precision manufacture assure long, 
dependable life and quiet, vibrationless operation. Be- 
sides standard ratings, many special designs are now 
engineered and tested due to past custom-designing . . . 
or R&M will custom-design a motor for your specific 
application. Write today for R&M Bulletin 444-ET 


ie 
7” 





ie Tl ae RK EY 
pad mounted 
open universal 


frame 3736 
end mounted 
open universal 


frame 29 
totally-enclosed 


universal universal parts 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R &M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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TAPES 


CLASS H UNSUPPORTED TAPES 

@ GUIDELINE self-adhering, triangular tape with col- 
ored line at apex for guiding overlapping layers. 
Tape has an interliner and requires no heat for 
bonding adjacent layers. Also supplied in rectang- 
ular form without center line. 


CLASS H SUPPORTED TAPES 
@ Cured Tapes: Silicone rubber coated tapes in 
many variations of thickness, silicone compound and 
base fabric. 

@ Semi-Cured Tapes: A semi-cured silicone rubber 
coating on glass or other fabric. Tape has no inter- 
liner and heat is required to bond multiple layers 
of tape. Tape can be supplied coated on one side 
or two sides. 

@ Self-Adhering Tapes: A self-adhering silicone 
rubber coating on glass or other fabrics. 


TEMP-R-T APES: 

@ Pressure-Sensitive Tapes: Thermal curing tapes 
with backings of Teflon® glass fabric and silicone 
coated glass fabric—all with silicone adhesive. 
Available from stock. 


For additional data, we invite your inquiry. 


ELECTRICAL AND INDUSTRIAL SPECIALTY TAPES 


(G24 CONNECTICUT HARD RUBBER CO. 


*duPont TM Main office: New Haven 9, Connecticut 
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FOR INSTANT SMOOTH STEPLESS CONTROL 


MAGNE-SPEED 
VARIABLE SPEED DRIVES 


CONSTANT TORQUE OVER ENTIRE SPEED RANGE 
RANGE OF ADJUSTMENT ZERO TO FULL SPEED 











JUNIOR: 


Ye to 1/100 HP 
40:1 speed range 
request bulletin $-790 

as) 


"SIZE I: 
/£ 50:1 speed range 
/ request bulletin $-580 
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SIZE Il: 
%4, 1 and 1% HP 


50:1 speed range 
request bulletin $-580 








MAGNETIC AMPLIFIERS DIVISION 
632 TINTON AVE., NEW YORK 55, N. Y. 
THE Gees) CORPORATION CYPRESS 2-6610 
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setting to maximum. Zero-Max Co., 
2845 Harriet Ave. S., Minneapolis 8. 
Circle 559 on Inquiry Card 


MULTITURN 
POTENTIOMETERS 


Series 3700 potentiometers feature 
unitized rotor design, meet applicable 
military specifications. Three- and ten- 


turn sizes have bushing or servo mount- 
ing. Standard linearity tolerance is 0.1 
per cent in ten-turn unit and 0.2 per 
cent in three-turn unit. Connections are 
electrically welded to single turn of 
wire on coil. Stops withstand static 
torque in excess of 1000 oz-in. OD is 
134 in. Duncan Electronics, Inc., 1305 
Wakeham Ave., Santa Ana, Calif. 
Circle 560 on Inquiry Card 


TERMINAL BOARDS 


Multi-point (4, 6 and 12) terminal 
boards CR-151 are rated to 30 amp, 
600 volts, will take to 10 AWG wire. 
Sectional units are available with box, 





screw, quick-connect and saddle clamp 
terminals, rated for 25, 50 and 125 
amp. Mounting lengths from 31% to 48 
in. General Electric Co., Schenectady 
5, N.Y. 

Circle 561 on Inquiry Card 


SUBMINIATURE 

TRIGGER TUBE 

WC-18 cold-cathode trigger tube for 
high-altitude operation has trigger cur- 
rent of 10 wamp, keep-alive current of 
30 pamp, suitable for photoflash trig- 
ger circuits. Rated at 700 volts, oper- 
ates at elevations to 65,000 ft. Housed 
in T3 glass bulb, requires power in- 
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Barber-Colman, A. W. Haydon Specify INDOX Stator 
Magnets for New D.C. Permanent Magnet Motors 


A simpler stator assembly is likely to result reduction is now apparent in motor designs up 
when INDOx ceramic stator magnets are used to and above 10 horsepower. Both Inbox I 
to supply the field in d.c. pm motors. (unoriented) and INpox V (oriented) are being 

This trend toward simplification and cost used, depending on the motor characteristics. 


The advantages of INDox magnets are: 


® Greater Usable Energy ® Wider Operating Temperature Range 
© Simpler Assembly © Opportunities for Cost Saving 


Among the users of INDox stator magnets Rockford, Ill. Both firms recently introduced 
are the A. W. Haydon Company, Waterbury, battery-powered permanent magnet motors 
Conn., and the Barber-Colman Company, using INpox stator magnets. 


The Haydon motor is designed for ef 4 

use in a cordless electric clock made i Jee N 

by the Sessions Clock Company of @ av & a ea 

Forestville, Conn. The clock itself is a. & meee N 

: : 3 1 = 

tiny, measuring only 1% by 2% KEKE TER 

inches. To keep within the specified 

dimensional limits, Haydon called 

on Indiana’s design engineering 

service, which provided the answer: 

two extremely flat sections of INDOx ea 

V for the motor field. A. W. Haydon motor, showing Cross section of motor unit. Chronometric 
flat sections of INDOX V stator governor for speed control not shown. 
magnets. 


One-piece INDOX | 


Barber-Colman’s type BYQM motor stator ring simplifies 
is a new line of economy d.c. motors eee Tt 
designed for a variety of low-cost 
applications: fishermen’s depth-find- 
ers, revolving emergency lights, etc. 

A single INpox I stator ring provides 
the motor field, avoiding compli- 
cated or expensive assembly rou- | 
tines, encountered with aaecele 


] 


geal 


For full information on how Inbox can help modernize your present motor line 
.call your Indiana Sales Engineer today...or write Indiana Steel Products, 
Division of Indiana General Corporation, Valparaiso, Ind. Ask for Bulletin 18AB5. 


_ INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 
| In Canada: The Indiana Steel Products Co. of Canada Limited, Kitchener, Ontario 
‘cs 


GENERAL INDIANA PERMANENT MAGNETS 
CORPORATION 
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put of 0.25 watts, trigger voltage of 
250 volts. Electronic Industries, Inc., 
18 Marshall St., So. Norwalk, Conn. 

Circle 562 on Inquiry Card 


TEMPERATURE DETECTOR 

Precision resistance detector senses 
temperature change by change in elec- 
trical resistance of platinum or nickel 





wire element. Unit operates at pres- 
sures to 2500 psi, temperatures to 600 
C, is accurate within 0.1 C. Response 
time is 0.6 sec for 63 per cent tem- 
perature response. Englehard Indus- 
tries, Inc., 75 Austin St., Newark 2, N.J. 

Circle 563 on Inquiry Card | 





SOURCES of your purchased components must help to promote market 
acceptance of your products by providing the required quality at the 
right price. 

When it comes to electric motors in special designs, you can meet MAGNETIC D-C AMPLIFIER 
ALL of your manufacturing and buying needs by specifying DOERR Model D-1 amplifier has variable out- 
MOTORS! Doerr’s broad experience with thousands of ' “specials” will put from 0 to 5 volts d-c, input is 0 
point the way to practical designs that fit every need at lowest cost. to 10 


my d-c. Power requrement is 
Here’s how you benefit: 


115 volts a-c, at 10 ma. Ripple is less 


] READY AVAILABILITY 


Increased Doerr production facilities 
for fast service on special and standard 
motors. Nation-wide field service. 


REALISTIC PRICES 


Jn special modifications. 


QUALITY-BUILT 


Doerr quality construction assures full 
performance of your products—compact than 10 mv rms, linearity is +2 per 
Doerr styling adds to appearance. cent from 0.5 to 5 volts. Weighs 10 


MALL- LOT ORDERS oz, measures 214 in. high x 154 in. OD 
SMA always gives you complete and Dynex Industries, Inc., 170 Eileen Way, 
willing cooperation—on any quantity ! Syosset, N.Y. 





MOTOR DESIGN 


This standard fractional hp. motor of 
the totally enclosed, non-ventilated 
type is typical of the Doerr line. 
Streamlined and good-looking, it is a 
deluxe design that complements your 


Circle 564 on Inquiry Card 


DIANDAR D MOTORS and FHP MOTOR STARTER 


2! 

ei; 3 
TYPICAL DOERR 4 
J 


product. And this motor is AVAIL- integral hp. ratings are listed in the : ; 
ABLE FROM STOCK at Doert! Doerr catalog. When your inventory is Class 10 starter provides manual start- 
low, Doerr can make short shipments stop control of fhp and_ single-phase 


on small orders. electric motors. Single- and two-pole 


Doer* WRITE FOR THIS 14-PAGE CONDENSED devices incorporate relay to protect 
CATALOG AND MOTOR 'IDEA BOOK’ 
Z Shows many Doerr special designs that suggest how to solve 
specific problems. Also gives dimension and price data 
on Doerr standard motors. Get your copy... 
please write on your company letterhead. 





eee 


DOERR OFFERS YOU... 


@ Standard and special motors in a broad 
Pisnos of fonciiiael wed bacaiel tes callens: 


DRake 7-0500 





95 N. FOURTH AVENUE » CEDARBURG, WISCONSIN 
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ten-milliamp circuit breaker? You have 


now. This Heinemann hydraulic-magnetic 
circuit breaker is rated at exactly 0.010 
amperes. We could just as easily have 
made its rating 0.5 or 1.7 amps or, for 
that matter, any integral or fractional current value you might spec, up to 100 
amps. A simple change in the winding of the solenoid overload coil would do 
the trick. * When you need precise overcurrent protection, even at very low 
current levels, think of the possibilities of the Heinemann breaker. It is tem- 
perature stable (no de-rating or trip-point juggling); it is available with any of 
several inverse time delays (or instantaneous-trip action); and it can be had in 
models ranging in size from subminiature on up. The Heinemann Engineering 


Guide, Bulletin 201, will give you detailed information. Write for a copy. 


HEINEMANN ELECTRIC COMPANY <@> 101 BRUNSWICK PIKE, TRENTON 2, N.J. 


SA 2401 
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CLEAN + CLASSIC 


MILLIAMPERES D.C 


UNCLUTTERED 


Here are meters, free of frills 
and tinsel, executed in hand- 
some good-taste with sensible 
proportions to fit and enhance 
any panel board. 

Besides their aesthetic quali- 
ties, BECKMAN® Panel Meters do 
an unbeatable metering job. 
They are of all-metal construc- 
tion with steel movement enclo- 
sure, and are unaffected by 
magnetic panel materials or 
stray RF. They are dust-free 
and sealed to 2.5” Hg. The 4’x6’ 
model shown has a 4.7” long 
scale arc for clear, shadowless 
readability. BECKMAN Panel 
Meters have a standard mount- 
ing configuration, and are inter- 
changeable with other meters 
of like dimensions. Special 
scale plates and bezel colors are 
available. 





Best news of all...30 day de- 
livery! Drop us a line or contact 
your nearest Helipot represent- 
ative for details on the BECKMAN 
line, AC and DC Voltmeters, 
Ammeters, Milliammeters, 
Microammeters or Expanded 
Scale Meters. 


Beckman Helipot’ 


POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 





motor from thermal overload. Pilot 
lights indicate operational status. Fur- 
nas Electric Co., Batavia, Il. 

Circle 565 on Inquiry Card 


GERMANIUM 

ALLOY TRANSISTORS 

Series of p-n-p transistors, 2N1175 and 
2N1175A, is suitable for applications 
requiring high gain and low noise 





i 


i 

characteristics. Minimum collector-to- 
base voltage is 35 volts; cutoff current 
is 6 pamp. Operating temperature range 
is —65 to +85 C. Max broad band 
noise is 6 db. Units are hermetically 
sealed. General Electric Co., Kelley 
Bldg., Liverpool, N.Y. 

Circle 566 on Inquiry Card 


PULSE GENERATOR 


Battery-powered generator has pulse 
rate of 10, 100 and 1000 pps to syn- 
chronize ten cameras or telemetering 





stations. Withstands vibration of 30 g 
at 2000 cycles, altitude to 50,000 ft. 
Operating temperature range is —20 
to +165 F. Performs within +1 per 
cent of selected frequency; weighs less 
than 114 lb. The Harwood Co., 1141 
W. Valley Blvd., Alhambra, Calif. 


Circle 567 on Inquiry Card 


MAGNETIC CORE 
MEMORY UNITS 


High-speed memory operates at 1 me, 
with access time of 0.4 psec. Standard 
sizes accommodate 128 and 512 words, 
with 24 bits per word. Loading speed 
is to 200 kc; power consumption is 50 











CAREER 
OPPORTUNITIES IN 


MANUFACTURING 
ENGINEERING - 
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Memory array has (upper) been produced at 
Remington Rand Univac by deposition of 
evaporated metal. Photos (lower) are taken 
in both black and white and color by Univac 
Research Engineers who have been photo- 
graphically observing for some time the do- 
main patterns in thin deposited films through 
the use of the Kerr Magneto Optic Effect. 


There’s an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportun- 
ities for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
Opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include : 
PRODUCTION RESEARCH ENGINEERS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition, fine wire welding, wire wrap and 
miniature connectors. This is challenging 
work in a new field and offers unprecedented 
opportunities for advancement. 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the world's most re- 
liable computers. These positions require the 
utilization of imagination and Creativity in 
production. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send 
resume of experience and education to: 


R. K. PATTERSON, Department EE-5 
Hemington. Fland. 
nivac. 


DIVISION OF SPERRY RAND CORPORATION 








QO 
a 
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| 2750 West Seventh St., St. Paul 16, Minnesota 
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watts for 512-word memory. Operates 
over temperature range of 0 to +50 
C. Aeronutronic Div., Ford Motor Co., 
Ford Rd., Newport Beach, Calif. 

Circle 568 on Inquiry Card 


HEATING-ELEMENT ALLOY 


Iron-chromium-aluminum “Alloy 750,” 
for use as heating element, operates at 
temperatures to 2050 F. Resistivity is 
750 ohms per cm at 68 F. Available 
in range of wire and ribbon sizes. 
Hoskins Mfg. Co., 4445 Lawton Ave., 
Detroit 8, Mich. 

Circle 569 on Inquiry Card 


PRECISION DIFFERENTIALS 


Line of miniature differentials is for 
critical applications in computer as- 
semblies and control instruments. Made 


of stainless steel, differentials employ 
ball bearings which conform to ABEC 
7 tolerance requirements. Backlash is 
held to 8 min or less; break-away 
torque to 0.02 oz-in. With either 0.0779 
or 0.0935 in. diam shafts; overall 
lengths to 3 in. Instru-Lec Corp., 520 
Homestead Ave., Mount Vernon, N.Y. 

Circle 570 on Inquiry Card 


MOLDED-CASE 
CIRCUIT BREAKERS 


Series of circuit breakers, designated 
KM frame, is available in two- and 
three-pole construction, with current 
ratings of 125 to 800 amp, for 600 volts 


ee 


a-c and 250 volts d-c. Unit measures 
151% in. high, 4 1/16 in. deep. Standard 
features include enclosed terminals 
and front-adjustable instantaneous trips. 
Rear connecting studs and plug-in con- 
nector assemblies are provided for 
switchboard mounting. I-T-E Circuit 
Breaker Co., 1900 Hamilton St., Phila- 
delphia 30. 

Circle 571 on Inquiry Card 


COAXIAL CONNECTORS 


Miniature screw connectors are avail- 
able in 50, 70 and 93-ohm impedances, 
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| HERE'S WHY VELOCITY DAMP. 


ING IMPROVES SERVOSYSTEM 
RELIABILITY... The velocity-damp 
servomotor is a replacement for compli- 
cated rate-feedback loops—it achieves 
stability by simple and self-contained 
electromagnetic means. 

For example, the secKMAN® Size 8 
Velocity-Damp Servomotor offers up to 
25 dyne-cm.-sec./rad. additional damp- 
ing, and can replace damping genera- 
tors in 80% of present applications, In 
addition to elimination of phase shift 
and null voltage problems inherent in 
rate feedback systems, the velocity- 
damp unit is shorter, lighter, and con- 
sumes less power. 

In BECKMAN Velocity-Damp Servo- 
motors, damping is a direct function of 
velocity. A low-inertia drag cup, inte- 
gral with the motor shaft rotates in a 
magnetic field generated by a pair of 
permanent magnets. Polarity of one 
magnet is variable with respect to the 
other, so that total force due to induced 
currents may be externally adjusted 
during operation. 

In addition to Size 8 Velocity-Damp 
Servomotors, BECKMAN offers similar 
units in their Size 11, 15 and 18 lines. 

For a complete delineation of servo- 
motor damping theory ...including 
transfer functions to help you deter- 
mine damping needs...write for our 
Servo Brief entitled, “Electromagnetic 
Damping’ 


Beckman / Helipot’ 
POTS : MOTORS : METERS 


Helipot Division of 
Beckman Instruments, Inc. 
Fullerton, California 
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BOSTON 0: (Ssrified 


precision spur gears 





Stainless Steel 10 to 40 teeth 


Aluminum 42 to 180 teeth 


Certified AGMA Precision Class 1 or better. 
Standard sizes from local Distributors’ stocks 
120 to 48 pitch —- 20° P.A. Get new Catalog PG160 
Conform to Military specifications 


IN STOCK at your nearby DISTRIBUTOR 


BOSTO 
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© Boston Gear Works, 1961 
Quincy 71, Mass, 








| cooling 


universally interchangeable and shock 
and vibration resistant. Standard types: 
straight plugs, angle plugs, receptacles, 
bulkhead jacks and jacks. Electro- 
Physics Laboratories, 1900 Walker 
Ave., Monrovia, Calif. 

Circle 572 on Inquiry Card 


LOCK NUT 

Reusable double-chamfered nut may be 
applied from either side. Is oval to give 
180-deg spring. Threads are deflected 






“@ ba 


| at point of lock so nut can be locked 


in any position. In Sizes No. 5 through 


114 in. MacLean-Fogg Lock Nut Co., 
5535 No. Wolcott Ave., Chicago 40. 

Circle 573 on Inquiry Card 
MAGNETIC 


THIN-FILM ALLOYS 


Series of metals, designated “Vapalloy”, 
are ultra-high purity alloys to produce 
films for computer 


memories. Films are capable of giving 


magnetic thin 
computers access time of 1 nanosec. 
Material can be alloyed to any com- 
position required for computer appli- 


cations. Hamilton Watch Co., Lan- 


| caster, Pa. 


Circle 574 on Inquiry Card 


| POWER-TRANSISTOR 
| HEAT DISSIPATOR 


Series UP dissipator provides positive 
of transistors by radiation and 


| convection. Displaced vertical fins pro- 


vide air passageways, induce turbulence 
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New! Sylvania CT 4257 


Syivania introduces the new CT4251... opening a dramatic 
new approach to the design of very compact, low-cost count- 
ing equipment in the 0-SOKC frequency range. 


Utilizing a new dome-shaped T-9 bulb evacuated from the 
base, Sylvania CT4251 offers significant reductions in seated 
height. CT4251 features 10 output cathodes, offering the ver- 
satility and advantages of tube types previously available 
only in the T-11 bulb. Examples: electrical information can 
be fed from all 10 cathodes, enabling preselection of a count 
from 0-9; the diameter of the ring of cathodes is identical 
with that of types in the T-11 outline, providing excellent 
visibility of readout information. 


Sylvania CT4251 is the lowest cost cold cathode Decade 
Counter Tube available. Combining electrical and visual 
readout functions, it offers extensive economies in circuitry 
and associated components. Sockets, too, for its 13-pin 


SY LV. 


SUBSIDIARY OF 


GENERAL TELEPHONE & ELECTRONICS 


MAY 1961 


Circle 240 on Inquiry Card 


Illustration compares size advantage of 
Sylvania CT4251 to type in T-11 outline 


circle are as much as one-half the cost of sockets normally 
required for T-11 types. In addition, this new 13-pin circle 
makes it possible for Sylvania CT4251 to be designed into 
equipment using transistorized and printed circuit techniques. 


Tests to date of Sylvania CT4251 indicate superior quality 
performance even under stand-by operation for 500 hours. 


Your Sylvania Sales Engineer will be pleased to tell you 
more. Contact him or write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. 1015, 1100 Main 
St., Buffalo 9, N.Y. 


Min. Double 
Min. Anode Pulse Min. Double 
Supply Voltage Amplitude Pulse Width 
(Vdc) (Vv) (usec) 


Total Anode 
Current (mA) 


Min. Max. 


Sylvania 
Type 


CT4251 0.65 0.8 400 -70 a 
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what’s so different 
about these 







time/ delay/ relays? 





GASTAT’ 


Gelay/retay - —— 





(and how these 
AGASTAT 
differences benefit 

you!) 





AGASTATs are electrically actuated, but are pneumatically timed, so their | 
accuracy and reliability are unaffected by voltage variations, and recycling 
is instantaneous. Adjustment is simple and stepless over l-o-n-g time ranges. 
With moving parts held to a minimum, the life span of a typical unit is 
measured in millions of cycles. 

Industrial models (left) are dial-adjusted for delays of .05 sec. to 15 min. 
in five ranges. Needle valve models are also available, covering the full range 
(.15 sec. to 5 min.) in one unit. The Miniature Agastat on the right weighs 
as little as 15 oz. Hermetically sealed or unsealed types for MIL Spec or 
other demanding applications. Saves weight, saves space. 

Timing accuracy and reliability are what you would expect from 
AGASTAT, pioneers in the development of time delay instrumentation. | 
Single- or double-pole versions, in all standard AC and DC coil voltages. | 
Types to provide delay on pull-in or drop-out. Want complete specs, or | 
further information? Just write Dept. I 1-65. 





sw) ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION # ELIZABETH, NEW JERSEY 


IN CANADA: ESNA CANADA LTD.,12 GOWER ST., TORONTO 16 | 
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for increased efficiency and rapid trans- 
fer of heat. Mounting hole patterns are 
for T03, T06, TO8, TO10, TO15 and 
D05 transistor case sizes. International 
Electronic Research Corp.. 135 W. 
Magnolia Blvd., Burbank, Calif. 

Circle 575 on Inquiry Card 


SOLID-STATE 

CRYSTAL OSCILLATOR 

Model 10M-WA voltage-controlled os- 
cillator can be frequency modulated 
over a range of +0.2 per cent of center 
frequency, with excellent linearity and 







YY 
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no degradation of crystal frequency 
stability over temperature range. Unit 
has center frequency of 10.7 me, de- 
viation of +20 ke, linear to within 
+200 cps. Temperature drift is less 
than 1 ke from —40 to +65 C. Output 
power is 5 mw; size is 34 x 2 x 24% 
in. Itek Electro-Products Co., Cam- 
bridge, Mass. 

Circle 576 on Inquiry Card 


CONTROL RELAY 

Series CR120E relays control self-pro- 
tected electric motors to 34 hp, are rated 
at 600 volts, and available with 6, 12, 
24, 115, 230, 440 and 550-volt coils, 





60 or 50 cps. Units with SP, NC con- 
tacts usable as start winding cut-out. 
Function on capacitor start motors to 
3 hp at 115 volts or 5 hp at 230 volts. 
Enclosures are NEMA Type I. Gen- 
eral Electric Co., Schenectady 5, N.Y. 

Circle 577 on Inquiry Card 


VARIABLE TEMPERATURE 
COEFFICIENT CAPACITOR 


Model VCJ463 capacitors provide tem- 
perature coefficients from —500 to 
+500 ppm per deg C by piston ad- 
justment. Capacitance values vary from 
2 to 12 pf, with a tolerance of 3 pet 
cent at 25 C. Operating temperature 
range is —55 to +200 C. Unit sealed 
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FAST START | 
IS A SURE THING | 

WITH EPOXY 
ENCAPSULATION 


Sixteen pounds went overboard when 
McCulloch Corp., Scott Division, 
changed from a conventional generator 
to a flywheel-type, built-in alternator-gen- 
erator for its “Flying Scott” electric-starting 
outboard motors. And for an extra measure of 
certainty, the new armature is embedded in com- 
pounds based on BakeELiTeE Brand epoxy resins. 
That's how the delicate windings are pro- 
tected from salt, air, moisture, oil, heat, cold, 
and physical shock... held firmly in the grip 
of strong, hard epoxy, ready to give sustained 
trouble-free performance under conditions that 
outboard motors have to meet. 


Getting the right properties for encapsulation 


MAY 1961 


is mostly a matter of getting the right 

epoxy. A Union Carbide technical rep- 
resentative, working with a variety of 
formulations and able to call on the 

services of a laboratory backed by fifty 

years experience in plastics, can offer in- 
valuable aid in fitting the resin to your needs. He 
can advise you on phenolics, vinyls, and poly- 
ethylenes, as well as epoxies. For information on 
all these materials, write Union Carbide Plastics 
Company, Division of Union Carbide Corpora- 
tion, 270 Park Ave., N. Y. 17, N. Y. In Canada: 


Union Carbide Canada 


UNION 
CARBIDE 


Limited, Toronto 12. 


BAKELITE and Un1on CarsIvE are registered 
trade marks of Union Carbide Corporation. 
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BENDIX 
Needs 
MANUFACTURING 
ENGINEERS FOR 
MAGNETIC 
COMPONENTS 


@ Bendix of Kansas City, Missouri 
needs Manufacturing Engineers to do 
original work with new materials, and 
close, more exacting work with ordinary 
materials—minds that will inquire into 
the many branches of technology and 
bring together that combination of tech- 
niques capable of producing a unique 
product. As a Prime Contractor for 
the Atomic Energy Commission, our 
function is to give the Weapon De- 
signer the greatest possible latitude in 
exploiting new materials and techniques. 
We do this by paralleling his design 
work with advanced development of 
manufacturing processes during the de- 
sign phase. The control of processes 
frequently must be so precise that auto- 
mation is required for that reason alone 

production quantity notwithstanding. 


@ *These are positions for Electrical 
or Mechanical Engineers with experi- 
ence in the manufacture of magnetic 
components. To qualify, you will need 
to understand design, processing and 
production in magnetic components for 
miniaturized high reliability application 
Our work includes specific components 


such as audio, video, IF and pulse 
transformers and inductors of both 
toroid and conventional laminated 


designs. Also involved are magnetic 
amplifier components with very closely 
controlled electrical and magnetic 
parameters. A typical example of one 
of the new subminiaturized designs 
would be a four winding puise trans- 
former completely encapsulated and oc- 
cupying a total volume of about “cc 
and using wire sizes between A. W. G. 
40 and 50. One of our needs is to de- 
velop realistic manufacturing techniques 
for the fabrication of a family of mag- 
netic components similar to the above 
example with high quality standards 
and in moderate production quantities. 


@ These are responsible positions for 
engineers who are qualified to do origi- 
nal and creative work, and who can 
demonstrate by a record of past pro- 
fessional accomplishment that they 
possess this ability. Ours is one of the 
nation’s most vital industries. We offer 
unusually generous company benefits in 
a Midwestern community which is 
famous for its beauty and low cost-of- 
living. All replies will be strictly con- 
fidential 


For Personal Interview Send Résumé to 
Mr. K. L. Beardsley 
Box 303-VD 





KANSAS CITY DIVISION 
95th & Troost, Kansas City 41, Missouri 
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to withstand moisture and atmospheric 
effects. JFD Electronics Corp., 6101 
16th Ave., Brooklyn 4, N.Y. 

Circle 578 on Inquiry Card 


MULTI-LAYER 
PRINTED CIRCUIT 


Production technique permits internal 
cross-over connections to be brought 
out to points on face of printed circuit 
board. Four-layer board measures 0.025 





in. thick. Connections require no solder- 
ing or riveting. Technique permits ap- 
plication of intricate circuit configura- 
tions. Intellux, Inc., 30 S. Salsipuedes 
St.. Santa Barbara, Calif. 

Circle 579 on Inquiry Card 


CONSTANT-SPEED MOTOR 


Motor powered by 9-volt batteries offers 
speed regulation of less than 2 per cent, 
rotates at 1500 rpm. Screw adjustment 
varies speed from 900 to 2100 rpm. 





obtain 4000 
rpm; at 120-ma input, torque is 1.142 
ft-lb. Jonard International, Inc., 624 
Madison Ave., New York 22. 

Circle 580 on Inquiry Card 


POTENTIOMETER 


50-M48, precision wirewound unit, has 
been designed and built to meet MIL- 
R-27208, Style RT140A3M2T. Avail- 
able in standard values of 25, 50, 100, 
200, 500 ohms, 1 k, 2 k, 2.5 k, 5 k and 
10 k ohms. Size: 1% in. diam. Tem- 


removable to 


Governor 





for 
RCA's 
2N174 


FAMILY 
OF POWER TRANSISTORS 


“STOP” 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


“ Fast delivery from local stock 


“ Prompt delivery of the latest RCA 
types for your evaluation 


“ Orders filled from factory-fresh 
stock 

“ Up-to-date, practical product infor- 
mation 

“ Valuable RCA technical assistance 
when you need it 

“ “One-stop” service on your orders 

v 


Specialists who understand your 
problems and your electronic needs. 


Remember, when you want fast delivery, 
reliable service, always check first with 
your local RCA Semiconductor Distrib- 
utor. For the name and address of your 
nearest RCA Semiconductor Distribu- 
tor, write RCA, Distributor Products 
Sales, Harrison, N. J. 


ELECTRO-TECHNOLOGY 
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Now 

coo RCA’s 2N174 Family 
cliilis ' 
Geeeee Supplies This Much 
Poor ORI a ae 


ADDED POWER 


4 iN 
mii Ay At No Increase 
In Price! 


MAXIMUM TRANSISTOR DISSIPATION-WATTS 


va CASE-SEAT TEMPERATURE —°C + me 


All 11 RCA types, 2N173, 2N174, 2N277, 2N278, 2N441, 2N442, 2N443, 2N1099, 2N1100, 2N1358, 2N1412, give you 150 watts 
dissipation plus thermal resistance (junction to case) of only 0.5°C/watt (max.) and lower reverse leakage currents. 


Greater design flexibility, wider MAXIMUM RATINGS, Absolute -Maximum Values: 
safety margins, immediate avail- 
ability, these are just some of the 
advantages you will gain with the COLLECTOR-TO-BASE VOLTAGE 
5 ° ie With emitter-to-base 

new RCA 2N 174 family. Check reverse bias of —1.5 volts (ic = 4 ma) 
the new ratings yourself and see EMITTER-TO-BASE VOLTAGE (ic = 4 ma) 
how the entire family of germa- CRteree Coe 

: milla i 4 EMITTER CURRENT 
nium p-n-p types can now be use ease. consume 
in a wider variety of industrial and TRANSISTOR DISSIPATION 

illite ‘ icati < At case-seat temperature of 25°C and | ; 
military applications. for operation with heat sink 
MAX. THERMAL RESISTANCE 
(junction to case) 


All 11 types utilize the industry-approved TO-36 single ended stud 
mounted package. They are particularly useful in power-switching, volt- 
age-regulator, dc-to-dce converter, power supply and relay-actuating cir- AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 
cuits, and in low-frequency oscillator and audio amplifier service. 

Call your RCA Representative now for sales information. For addi- 
tional technical data, write RCA Semiconductor and Materials Division, 

Commercial Engineering, Section E-54-NN, Somerville, N. J. The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 
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How Wisconsin Porcelain Co. ceramic 
can help you keep production costs down 


If your production slows down when 
ceramic parts are delivered late or when 
they fit badly—turn to Wisconsin Por- 
celain Co. for your ceramic needs and 
safeguard against these expensive pro- 
duction loses. 

Wisconsin Porcelain has complete, 
modern facilities for the manufacture 
of a wide variety of ceramics including 
porcelain, refractory, steatite and filter 
bodies in quantities of a few hundred or 
several million. 


Result: tough, uniform, accurate 





parts 


components that fit quickly and easily 
into place. 

Around-the-clock operation is your 
further assurance of on-time deliveries- 

Your sample or sketch is all that’s 
necessary in order for us to quote on 
delivery and prices. 

Serving the Electrical and Electronic 

Industries since 1919 

WISCONSIN PORCELAIN CO. 


115 Market St. + Sun Prairie, Wis. 
( In the Chicago Industrial Area. ) 


Circle 243 on Inquiry Card 
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Improved electrical contacts 


at drastically lowered cost! 


<u S 






INTEGRATION 
RIVET BODY 


ge 


FACING A new process provides solid bonding 


STYLES 


P 


DETROIT 


252 


by atomic integration of contact face 
metal and the rivet body, with supe- 
rior electrical and mechanical bond. 
It permits substantial economy of 
precious metal by limiting its area 
and thickness to actual electrical and 
mechanical requirements of the con- 
tact, and ranges from a thin, centered 
elipse to complete envelopment of the 
rivet head. The entire rivet may be 
silver-plated at no extra cost. 

Made in flat, radius, full crown or 
conical face of either precious or semi- 
precious metals. Shanks may be solid, 
indented or tubular; of copper, steel 
or other base metals. 


GIBSON ELECTRIC SALES CORP. 
BOX 590, DELMONT, PA. 


BOSTON CHARLOTTE 
LOS ANGELES 
ROCHESTER ST 


LOUIS SAN FRANCISCO 


CONTACT METAL 
ZONE OF ATOMIC 


GIBSON 
ATOMICLAD* 


CONTACT RIVETS 
PLUS VALUES 


e Contact facing is bonded directly and 
is integral with the rivet body without 
any contaminating layer of brazing 
material or flux. 

© Better electrical, mechanical and ther- 
mal capacities. 

e@ Surfaces are work-hardened through 
elimination of the annealing effect of 
brazing heat, 

© Contact facing thickest where wear is 
greatest. 

© Reduced bounce and chatter because of 
lower elasticity of copper body. 

© Lighter weight an assist in delicate 
assemblies. 


* ATOMICLAD—Trademark Gibson Electric Company 


a 7 
fibsilo 
ELECTRICAL CONTACTS 


Since 1933 


CHICAGO CLEVELAND DAYTON 
NEW YORK PHILADELPHIA PITTSBURGH 
SEATTLE 
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perature range: to +200 C. 
Maurey Instrument Corp., 7917 S. Ex- 
Ave.. Chicago 17. 


Circle 581 on Inquiry Card 


change 


SOLID-STATE RELAY 
Model 120 need for 


separate d-c Has 25- 
volt, 150-ma d-c output for use with 
60-cps a-c or d-c inputs. Can be used 


relay eliminates 


power supply. 


— 
py wa 





to operate contactors, indicators, servo- 
motors, solenoids, control circuits, and 
to change operation mode of servo sys- 
K-F Products, Inc., 3100 E. 43rd 
16. Colo. 

Circle 582 on Inquiry Card 


tems. 


A ve., 


Denver 


FLOATING DRIFT 
TUBE KLYSTRON 
Model LKC-5 klystron operates at fre- 
quencies from 800 to 13,000 mec. One 
adjustment fixes oscillation frequency. 
5 watts CW; beam 


S 


Power output is 








voltage is 1200 volts. Modulation sensi- 


tivity is 20 volts per mc; heater cur- 
rent is 1.2 amp max. Tube is 1.7 in. 
high, weighs 5 oz. Lewis & Kaufman 
Electronics Corp., P.O. Box 337, Los 


Gatos, Calif. 


Circle 583 on Inquiry Card 


SOLDERING ALNICO 
MAGNETS 

“Lonco” Flux T-64C permits soldering 
Alnico steel 
pieces. Non-resinous water-based flux 
and 


magnets to bare pole 


has excellent soldering holding 


ELECTRO-TECHNOLOGY 


Century's compact IR 48-frame gearmotor driving live roll 
conveyor to the top of pallet loader. 


Loaded pollets being picked up by lift truck. Century 1R66 
$C66, 3% horsepower gearmotors drive empty and loaded 
pallet conveyors. 


A Century 1R64 SC64 gearmotor with brake (in upper 
left of picture) raises and lowers pallets from empty pal- 
let conveyor to loaded pallet conveyor. 


Century gearmotors load, 
stack and convey thousands of 
soft drinks per day 


Century Electric’s single-reduction, right-angle gear- 
motors are built right into the versatile pallet loader 
shown here. Thousands of bottles of soft drinks a day 
are conveyed, stacked, loaded onto pallets and con- 
veyed to fork lift trucks by Century’s gearmotors. 

Century gearmotors, with silicon bronze worm gears 
and hardened high-grade steel worms, are designed 
and built to withstand sudden shocks and overloads 
in applications such as this pallet loader. Motor shafts 
are not affected by operational strains because mount- 
ing feet are an integral part of the housing (except the 
IR 48-frame). Also, motor shafts are carried on ball 
bearings and output shafts run in tapered roller 
bearings to withstand sudden shocks. 


All-angle oiling design assures complete lubrication. 
Worms or worm gears dip into oil, no matter how the 
gearmotors are mounted. 


The gearhead on the IR 48-frame gearmotor (Pic- 
ture No. 1) can be assembled in four different positions 
in relation to the motor, and the motor can be mounted 
at any angle. The new 1R 48-frame gearmotor is also 
very compact. With it you can reduce the weight of 
your product by as much as 20 pounds. 

For more information about Century’s complete 
gearmotor line from 1% to 125 horsepower, call your 
nearest Century Sales Office. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


Circle 245 on Inquiry Card Cae 
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NEW 


ASHLAND 


MOTORS 


.. designed for today's 
competitive markets 





Combining creative design and 
engineering with precise economical 
production methods, ASHLAND again 
leads the field by introducing... 


@ New 11-Frame Motors 

@ New Hysteresis Synchronous 
Gear Motors 

@ New Low Slip Induction 
Gear Motors 







N odel A118°U 
(4%" dia.) 


ASHLAND’S new 11-Frame Motor 
series has bee: designed to fill the 
need of size and power requirements 
between 80 and 90-Frame units. 





Model GA5°M 
(2” dia.) 


Model GA4*M 
(1%" dia.) = 





ASHLAND’S highly-efficient, compe- 
titively-priced gear motors combine 
rugged durability, proven reliability 
and outstanding performance. Modi- 
fication in leads, shafts, finishes, ball 
or sleeve bearings can be incor- 
porated to customer specifications. 
Torque speed characteristics can be 
modified to meet particular require- 
ments. Models, with or without self- 
cooling, are available. 


The design and production staff at 
Ashland are conditioned to the qual- 
ity-precision needs of their custom- 
ers. All Ashland products are 
manufactured to order. Samples can 
generally be supplied within a few 
weeks. Production deliveries are 
prompt, with a minimum of lead 
time required. For descriptive cata- 
log or quotation on specific produc- 
tion problems, write, wire or call. 






ASHLAND 


ELECTRIC PRODUCTS, INC. 
32-02 Queens Blvd. © L.I. City 1, N.Y 
EXeter 2-4010 
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power under prolonged heat that gives 
excellent magnet to pole-piece adhe- 
sion, whether bare or plated. No ac- 
tive residue remains after water rins- 
ing. London Chemical Co., Inc., 1535 
No. 3lst Ave., Melrose Park, IIl. 
Circle 584 on Inquiry Card 


SOLID-STATE 
POWER SUPPLIES 


SC series d-c power sources has single- 
phase input of 105 to 125 volts a-c at 
50 to 440 cps. Output ranges from 12 
volts at 4 amps to 40 volts at 1.5 amps. 





Positive or negative side may be 
grounded. Housed in gold-anodized ex- 
truded-aluminum case, complete with 
octal plug and mounting studs. Size: 
4 1/16 in. x 6 9/16 in. x 6 15/16 in. 
Mid-Eastern Electronics, Inc., 32 Com- 
merce St., Springfield, N.J. 

Circle 585 on Inquiry Card 


PHOTO-ETCHED 

PRECISION PARTS 

Custom-made parts can be fabricated 
with tolerances of 0.0002 in. Parts are 
etched, require no deburring. Metals 





may be stainless steel, copper, nickel 

alloys and brass. Komak, Inc., 2632 W. 

Cumberland St., Philadelphia 32. 
Circle 586 on Inquiry Card 


EPOXY-MOLDED TOROIDS 
AND TRANSFORMERS 


Toroids have frequency range of 20 
cps to 100 kc. Power level: up to 150 
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TELEPHONE 
HANDSET 
CRADL 
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... for positive retention 
in all mobile applications 


There’s no jump, no sway—when a 
telephone handset is in the firm 
grip of this new Stromberg-Carl- 
son® handset cradle. 

Retaining clip spring assembly 
assures posi- 
tive retention 
in any mobile 
application on 
land or sea, or 
in the air. 
Evenextreme- 
ly severe jars, 
jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly. 





Details on request from these 
Stromberg-Carlson offices: Atlanta 
—750 Ponce de Leon Place N.E.; 
Chicago—564 W. Adams Street; 
Kansas City (Mo.)—2017 Grand 
Avenue; Rochester—1040 Univer- 
sity Avenue; San Francisco—1805 


Rollins Road. 


STROMBERG -CARLSON 


a Ppmoovucr or 


GENERAL DYNAMICS | SLECTRONICS 
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© NOW FAIRCHILD 
DIFFUSED SILICON 


INDUST 


NEW LOW PRICED ‘2N’ 
TYPES FOR COMMERCIAL/ 
3 A INDUSTRIAL APPLICATIONS 
Commercial computers 
Business machines 


Industrial controls 
Industrial power supplies 
Test instruments 
Monitors and alarms 
Communications equipment 
Medical apparatus 


THE BEST BASIC TYPES, double-diffused silicon with 


low saturation resistance and a reserve of speed, power 
handling and current range that permit the widest latitude 
in circuit design. 


ELECTRICAL CHARACTERISTICS 
(25° C except as noted) 


TYPES DESCRIPTION 


2N1985 
2N1984 
2N1983 


Small signal types for AC and 
DC amplifiers 


2N1987 


°N1986 Switching types 


High voltage types particularly 
suited to video amplifiers and 
RF oscillators 


2N1989 
2N1988 


PNP complement to the small 


2N1991 signal and switching types 


2N1990 Neon tube and Nixie® driver type 


ered Burroughs Corporation 


JEDEC ff P.@25°C hee . . 
OUTLINE TYPICAL CASE TEMP. MIN. MAX. ‘CER "CBO MAX. MAX. MAX. 


AT COMPETITIVE PRICES, now comparable or lower than 
industrial germanium or silicon transistor types of more 
limited performance. 

WITH ASSURED AVAILABILITY through regular Fairchild 
distributors. The Fairchild name and the 2N numbers pro- 
tect the circuit designs you base on these specifications. 


Vpe(Sat) Veg(Sat) i¢pg9@25°C 


1S i 
35* 100* 
70* = 210* 


80 


2 watts 240 


60 
120 


2 watts 60 


2 watts 


Write for full specifications 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.-YORKSHIRE 8-8161-TWX: MN VW CAL 853 


A wholly owned subsidiary of Fairchild Camera and instrument Corporation 
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LOL LULL CUSTOM BUILT 
ELECTRICAL ENCLOSURES 














One unit... or hundreds ... KIRK & BLUM has the men, ex- 
perience and equipment to fabricate any sheet metal enclosure— 
cubicles, cabinets or control panels—to exacting specifications, 
We specialize in custom-built parts and assemblies of sheet 
steel, light plate, stainless, aluminum, monel and other alloys in 
gauges to %”’. 


Write now for more detailed information . . . and your copy of 
the latest KIRK & BLUM Electrical Enclosures Catalog . . . pro- 
fusely illustrated. For prompt quotation, send your prints to the 
KIRK & BLUM MFG. CO., 3122 Forrer St., Cincinnati 9, O. 


Control Desks @ Cubicies @ Electrical Cabinets and Enclosures 
Outdoor Electrical Enclosures @ Instrument Panels @ Control Panels 
Transformer Tanks @ Test Stands e@ Switch Gear Housings @ Louvres 


__ AIR “BLUM 


METAL FABRICATION | 


ee - ei tt 
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watts. Operating temperature range: 
—65 to +130 C. Size range: 3/16 to 
4 in. OD. Miniature transformers have 
impedance ratings designed to match 
new transformer circuits. Microtran 
Co., Inc., 145 E. Mineola Ave., Valley 
Stream, N.Y. 

Circle 587 on Inquiry Card 
ANALOG-TO-DIGITAL 
CONVERTER 
“Digi-Tel” is designed for on-line digi- 
tal telemetering and control. Operates 
directly from process transducers which 
operate from pressure, temperature, in- 





strument air, ete. Output: decimal, 
binary coded or specially coded. Avail- 
able in 19-in. rack-mounted modules. 
Electronetics Div.. North Electric Co., 
Galion, Ohio. 

Circle 588 on Inquiry Ca:d 


PROPORTIONAL POWER 
CONTROLLER PANELS 

Sit units use magnetic-amplifier con- 
trolled-rectifier circuit to deliver 400, 
1200 and 4000 watts a-c or d-c to basic 





loads. High gain, low time delay; ad- 
justable bias and gain control; multi- 
ple control windings; linear amplifi- 
cation. Input: 115 volts a-c. Output: 
85 volts d-c or 95 volts a-c. Rated for 
continuous operation at 50 C ambient. 
Sensitivity: 0 to 5 ma. Norbatrol Elec- 
tronics Corp., 356 Collins Ave., Pitts- 
burgh 6. 

Circle 589 on Inquiry Card 


FIXED COAXIAL PAD 


Device provides attenuation of 1.5 db 
+0.1 db in the uhf range and success- 


(Continued on page 260) 
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Consider the many ways this plastic can 
toughen your product, lighten your problem 


National Vulcanized Fibre is one of the most do-more, 
save-more, get-around materials ever produced. Thou- 
sands of jobs well done have established its reputation. 
Yet there are still other cost-cutting applications to 
be explored, many that no other plastic can handle. 

What is Vulcanized Fibre? A tough, dense cellulosic 
plastic. As track insulation, thousands of tons of 
Vulcanized Fibre are now absorbing the steady beating 
of trains passing over. Has superior arc resistance; high 
dielectric strength; is class ‘‘A’”’ electrical insulation. 
Low thermal conductivity, high resiliency, great shock 
and abrasive resistance. Shrugs off oil, gasoline, most 
solvents. A most un-ordinary plastic. Weighing but 
half as much as aluminum, Vulcanized Fibre is one of 
the strongest of materials for its weight. 

You can machine, punch, form, deep-draw; combine 
with rubber, copper, laminated plastic, and other mate- 
rials. Takes polish, paint, embossing. Consider design 
and shape... you'll find Vulcanized Fibre as motor slot 
insulation or in intricate forms such as gear assemblies. 

There are 16 standard and many special grades, 
among them “‘Pyronil’’, which is fire-resistant. You may 
well find precisely the properties needed to make your 


MAY 1961 


product a better buy. There’s a free sample kit wait- 
ing for you at a nearby NVF sales office. Check Sweet’s 
Product Design File 2b/Na for the one nearest you. 
Or write directly to Dept. C-5, Wilmington, Delaware. 


116 Choices: One Source This is the latest count of the dif- 
ferent plastics and grades NVF can offer in your search 
for the one best material. Add to this total the one special 
grade that can be developed from scratch to meet your 
particular need. This full range of materials is backed by 
complete engineering services . . . from application assist- 
ance up to and including the delivery of 100% usable, 
precision-fabricated parts . ..in any quantity, on time! 

Call the NVF Sales Office near you. It’s a direct line 
to single-source help on your current materials problem. 


NVE ¢ 


NATIONAL VULCANIZED FIBRE COMPANY 


WILMINGTON 99, DELAWARE 


In Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 


Circle 250 on Inquiry Card 
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BLOWER MOTORS 


Sleeper! Cradle-mounted in resilient rub- 
ber for extra-quiet, vibration-free opera- 
tion. Low starting torque prevents belt 
slippage and starting noise. It’s a ball 
bearing motor that runs as quietly as a 
sleeve bearing type. Magnetic noises are 
reduced to an absolute minimum by 
special machining and assembly proces- 
ses... air noise is practically eliminated 
by unique ventilation design. And forthe 
ultimate in space savings, investigate 
the A. O. Smith Inside-Out permanent 
split-capacitor blower motor. No switch- 
es, relays, pulleys — a proven direct 
drive motor. 





St 





INTEGRALS 


The workhorse of the A. O. Smith line. 
These open motors provide that extra 
amount of moisture protection. And you 
get quiet operation for critical noise 
areas along with a power reserve that 
pulls across adverse operating condi- 
tions. Rotors are pressure cast in one 
operation to provide an indestructible 
construction. Rotor and shaft assembly 
are dynamically balanced to minimize 
vibration. On models up through five hp 
single-phase, the capacitor is mounted 
inside the motor housing for space-sav- 
ing installation, maximum protection 
and streamline appearance. 


HERMETICS 


A true thoroughbred! Rotor-stator assem- 
blies are designed specifically for sealed 
compressors . . . quality-built to provide 
a reliable source of power for refrigera- 
tion or air conditioning, year-in and year- 
out. They're custom-built and dynami- 
cally-balanced for years of dependable, 
quiet, vibrationless service. What's more, 
each motor is manufactured under the 
strictest quality control . . . assembled 
and tested under controlled atmospheric 
conditions, ever-free of dirt and dust. 
Application-engineered in single-phase 
and polyphase, 34 to 100 hp. 








GENERAL INDUSTRIES 





SMOOTH 
POWER 





AC MOTORS 


are hacked by years of 
leadership in the small 
motor field == 





MODEL ‘'B'’ FOUR POLE, FOUR 
COIL, SHADED POLE MOTOR 
Designed for long life and dynamically bal- 
anced for extremely quiet operation. Self 
aligning, self ‘ubricating bronze bearings. 
Baked varnish unpregnated windings, ample oil 
reservoir located for easy lubrication. Smooth, 
quiet, field-proven. 


SPECIFICATIONS 


air HP ~ Locked Max ts Free w, 
MODEL 1500 Torque Torque Speed ibe 
RPM in./oz. in./ozr. RPM . 
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Quantity Price Quotation 
On Request 


THE GENERAL INDUSTRIES co. 


DEPARTMENT GL * ELYRIA, OHIO 
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| fully accepts up to 200 watts of CW 
power. Size: 10 in. x 114 in. x 1% in. 
Merrimac Research & Development, 

517 Lyons Ave.. Irvington, N.J. 
Circle 590 on Inquiry Card 


MINIATURIZED 
THERMOSTAT 


“Princo Mu-Stat” liquid-in-glass unit 
offers direct switching of 1, 4.7, 10 
amp or larger loads without external 
relays or amplifiers. Output: up to 400 






volts, from 25 to 1000 cps. Thermostat 
achieves internal power gains of 1 
| million. Only 85 pamp pass through 
mercury column to switch l-amp cur- 
rent. Setting accuracies: to 0.1 C; dif- 
ferential of 0.05 C. Size: as small as 
0.4 in. diam x 11% in. long. Precision 
Thermometer & Instrument Co., 1434 
Brandywine St., Philadelphia 30. 

Circle 591 on Inquiry Card 


TORQUE METER 


Model MTE meter is suitable for de- 
sign and testing of gyros, synchro 
| motors and actuators. Torque readings 
are from stall to 20,000 rpm with full- 
| 
| 





scale readings from 50 to 1000 oz-in. 
at 14 per cent accuracy. Unit is un- 
affected by side loadings. Lebow Asso- 
ciates, Inc., 14857 W. Eleven Mile Rd., 
| Oak Park 37, Mich. 
Circle 592 on Inquiry Card 


WAVEGUIDE 
PRESSURE WINDOWS 


Flange windows provide air-tight seal, 
yet are transparent to microwave 
energy. Pressure maintenance assures 
| peak performance. Designed for use 
| with EIA waveguide sizes WR-42, WR- 
90 and WR-112. Microwave Develop- 








| 
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Short or Long Runs 















Molded 





Plastics 
Units 








WITH SUCH 
ADVANTAGES 
AS: 


Low Mold Cost 





Low Piece Cost 






Ad) 
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SEND YOUR PRINTS 
FOR QUOTATION 


= 
AND MANUFACTURING COMPANY 


FPLASTICS 


CUSTOM-ENGINEERED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 


Circle 253 on Inquiry Card 


MVU8 24 FEN 2 Pa 











AXIAL-VANE- 
BLOWER INDUCTION 
MOTORS FROM KEARFOTT 


Kearfott Axial-Vane-Blower Induction Motors meet the 
needs of a wide range of application problems. The motors 
shown here represent part of the many types available for 
the most demanding loads and environmental conditions. 


DE-20-6 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This motor was designed to drive an axial-vane blower, but is adapt- 
able to many other applications. Corrosion-resistant construction 
provides efficient, continuous operation in severe environments. 


Input 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: 3.4 hp, 11,500 rpm 
Weight: 9 Ibs. 6 oz. 


DE-30-1 | AXIAL-VANE-BLOWER INDUCTION MOTOR 


This induction motor is specifically designed to drive an axial-vane 
blower for coding equipment and crew compartments at altitudes 
up to 30,000 feet. 
Input: 200 volts, 400 cycles, 3 phase 
880 watts at full load 
Output: 1% hp, 7,500 rpm 
Weight: 10 Ibs. 2.5 oz 


C-20-37 | HIGH-PERFORMANCE, AXIAL-VANE-BLOWER MOTOR 


This induction motor is a ruggedly constructed unit designed to 
operate without diminished performance in very severe environ- 
ments. Design features include extreme speed, low noise, high effi- 
ciency and precision balance. 


TYPICAL CHARACTERISTICS 


Input: 200 volts, 400 cycles, 3 phase 
TYPICAL CHARACTERISTICS Output: % hp, 22,300 rpm 
Weight: 3 Ibs. 10 oz. 


Write for complete data 


KEARFOTT DIVISION 


D GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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ment Laboratories, Inc., 92 Broad St., 
Babson Park 57, Wellesley, Mass. 
Circle 593 on Inquiry Card 


METAL-TO-METAL 
ADHESIVE 


Metlbond 408 has qualified as a Type 
I, Class Il sandwich adhesive under 
MIL-A-25463 and as a metal-to-metal 
bonding agent under MIL-A-005090D. 
Dry, 100 per cent solids and contains 
no solvent or cloth-type carrier. Inter- 
posed directly between metal surfaces 
to be bonded and is cured at 350 F 
for 1 hr. Narmco Materials, Div. Narm- 
co Industries, Inc., 600 Victoria St., 
Costa Mesa, Calif. 

Circle 594 on Inquiry Card 


REFLEX KLYSTRON 

MXK-23 is an electrically tunable unit 
with tuning range greater than 400 
me. X-band frequency. Less than 25 





volts tuning voltage. Less than 10 watts 
tuning power. Output power over 15 
mw. Metcom, Inc., 76 Lafayette St., 
Salem, Mass. 
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FREQUENCY AND PULSE RATE 
TO VOLTAGE CONVERTERS 


High-power “Megacycler” produces 
output voltage or current that is pro- 
portional to input frequency or pulse 
rate. Standard accuracies, + 1% per cent 
of full scale. Low internal impedance. 
Units cover ranges from 5 cps to 12 





ELECTRO-TECHNOLOGY 








Square D’s ALL-METAL Push Buttons 
give EXTRA DURABILITY! 


NOW AVAILABLE WITH 


COLOR INSERTS—with these Important Advantages: 


Longer lasting « Indestructible operator is made 
entirely of metal. High-density polyethylene in- 
serts are permanently colored, won't fade or de- 
teriorate on even the toughest jobs. Push buttons 
are completely oil-tight, even when depressed. 

Reduce your inventory « Order push buttons in 
color desired, or get the new ‘universal’ pack- 
age containing a basic operator and seven differ- 
ent color inserts—no extra cost. Inserts just snap 


in, can be changed in seconds if necessary. 

7 colors available « Choose from black, red, 
green, brown, yellow, orange, blue. 

Complete flexibility « Any operator can be used 
with any contact block to meet every requirement. 
Contact block arrangements include single-pole 
double-throw, two-pole double-throw, four-pole 
double-throw, sequence closing, and overlapping 
contacts. 


A COMPLETE LINE OF OIL-TIGHT OPERATORS 


& @ 


Extended Guard 
Selector Switch 


222 


Push-to-Test 
Iluminated 
Push Button Pilot Light 


Mushroom Button 


Selector Switch 
with Gloved Hand 
Operator 


& F, 


Selector. Key- 
Push Button ae 
Selector 
Switch 


Coin-operated 
Selector Switch 


Ss ee 


Stop Button 
Lockout 


Selector Switch 
Padlock 
Attachment 


Start Button 
Lockout Maintained Contact 


Attachment 


mm G 


Wobble Stick 
Operator 


Enclosures and 
Assembled Stations 


One 


3-Position 
Master Switch 


Wide Range of 
Contact Blocks 


x Position 


Joystick Operator Potentiometer 


Write for Bulletin 9001-T. Square D Company, Dept. SA, 4041 No. Richards St., Milwaukee 12, Wis. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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by tuning circuit 
if temperoture and time 


O@ @NGUbWH = 


; on and Peotdes insula- 
for winding enameled wire di- 
— on the core, 





540 South Tulley Avenue 
a Lawn, “O 
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0.000,000,001 WATT DC SENSITIVITY 


This industrial “ACRO-RELAY”, 
Model 301, closes its output relay 
with a DC signal of 1.0 microamp 
and 1.0 millivolt into its 1000 
ohm input winding—an input 
power of only 10 -° watts! It is 
the most sensitive, high-reli- 
ability industrial relay unit 
available. The input magnetic 
amplifier drives a trigger ampli- 
fier which drives the DPDT out- 
put relay . . . controlling up to 
1800 watts! 


Model 301 units available from 
stock for IMMEDIATE DELIVERY! 


Price for 1—5 units: $98.75 each. 
Full details available in Bulletin 
No. 30-A. 


S 


he SOR PO: REA ee GeO 


22515 TELEGRAPH RD. SOUTHFIELD (DETROIT), MICH. 
PHONE: ELGIN 7-0030 


TELETYPE: 
SFLD—970 
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ke (100 ke available). Normal opera- 
tion from —60 to +71 C. Size, 2 5/16 
x 2 1/16 x 3% in. Pioneer Magnetics 
Inc., 850 Pico Blvd., Santa Monica, 
Calif. 

Circle 596 on Inquiry Card 


DUAL COAXIAL 


COUPLIERS 


Models 3020 and 3022, designed for 
use in reflectometer setups, have di- 





rectivity to 35 db and 30 db min. Units 
cover 250 to 1000 mc and 1000 to 4000 
me ranges, respectively. Maximum error 
of 1.035 VSWR for Model 3020. Narda 
Microwave Corp., 118-160 Herricks Rd., 
Mineola, N.Y. 

Circle 597 on Inquiry Card 


NYLON CLAMPS 


“Clamp-Tite” for use with hydraulic 
lines or electrical wiring harness 
comes in sizes ranging from 4% to 1%4 


in. diam. Molded wedge prevents en- 
trapment or pinching of wires. Imper- 
vious to most corrosive agents. Olympic 
Plastics, 3471 S. La Cienega Blvd., Los 
Angeles 16. 

Circle 598 on Inquiry Card 


MINIATURE MICROWAVE 
TUNNEL-DIODE AMPLIFIER 


SS-500 has gain of 15 db and noise 
factor of 6 db max over frequency range 
of 1275 to 1325 mc. Excellent stability. 
Does not require use of a pump. Cir- 
culator required to isolate output 





terminal from input. Other models with 

same performance in 50-mc bandwidths 

can be supplied over range of 800 to 

1500 mc. Radio Corp. of America, 
Electron Tube Div., Harrison, N.J. 

Circle 599 on Inquiry Card 

(Continued on page 266) 
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RCA uses 
252 CLARE 


Printed Circuit Relays in 
the 501 electronic data 
processing system 


RCA's 501 incorporates many advanced fea- 
tures which significantly increase reliability as 
well as economy of space, weight and power. 


252 relays (each 
consisting of 12 Clareed 
sealed contact reed 
switches—3,024 
switches in all) make up 
this ‘‘matrix relay," 
used in the model 547-6 
switching unit of the 
RCA 501. 


CLAREED Sealed Contact Relays 
provide fast, sure switching 


Contributing to the efficiency, speed and 
compact structure of the RCA 501 are 
252 CLAREED sealed contact reed relays. 
These relays, their contacts hermetically 
sealed in contaminant-free inert gas, 
assure millions of perfect operations... 
hundreds of millions when operated at 
up to % rated load. Low inductance, and 
the low inductance change at each oper- 
ation, limits the transients produced. 


These relays may be mounted to meet 
almost any requirement. Consult your 
nearby CLARE sales engineer...or write: 
C.P. Clare &Co., 3101 Pratt Bivd., Chicago 
45, Illinois. In Canada: C. P. Clare Can- 
ada Ltd., 840 Caledonia Road, Toronto 
19, Ontario. Cable Address: CLARELAY. 
Ask for Bulletin CPC-10. 


Cc. P. CLARE & CO. 


Relays and Related 
Contro/ Components 
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WHETHER YOU 


join wires 


BY HAND OR MACHINE... 


HERE’S A PROVEN WAY TO 


keep costs down and 
improve your product 


Priced as low or lower than 
ordinary connectors, they go on 
fast, last for the life of your 
product. No troubles! 


Specially formulated high-dielec- 
tric, high-strength all-plastic 
Shell is virtually immune to all 
moisture and chemical action. 
They stay “new” permanently! 


Smooth, precision-molded 

threads start easily, screw on 

without damage to even finest 

wire strands. Wires are locked 

on—can't fall off or shake loose! 

Scientific knurling is easy on fingers, fits snugly into 
Ideal standard driver shanks. Less fatigue, faster 
assembly line splices! 


Ample skirt protects splice, prevents shorts. 
Best insulation you can get! 


Only 5 sizes handle practically all appliance, fixture 

and smaller machinery needs. Approved for 300V and 600V 
(L000V for fixtures). Less specification and 

stocking problems! 


NEW BROCHURE 
for design and production 


Gives new technical data for 
production and design men. 
Complete selector charts for 
all sizes of All-Plastic Con- 
nectors for all approved wire 
combinations. Also useful 
product information of Ideal 
Wire-Nuts, Excel Porcelain 
for FREE Connectors and Wing~Nuts. 
ue Facts you should have on the 

" industry’s most complete line 
EES TAC of wire connectors. Mail 
coupon. 


TRY THEM 
a 
2 ida) hye 


mail 
ET) 


IDEAL INDUSTRIES, Inc. 

1008-E Park Avenue, Sycamore, Illinois 

Please send [] new brochure on All-Plastic Connectors; 
() Free Sample Assortment 

PONG cstectntcieniitnrtnncti 

Company 

Address. 


ee Se cet acelin ate tpcencnargihscntineiicion 
Sold Through America’s Leading Distributors 
IN CANADA: IRVING SMITH, Ltd., Montreal 
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; r 
* Strength in thin sections + Dimensional 
stability + Secure flanges (one solid molding) © Resistance 
to impact * Resistance to action of many common chemicals 


¢ Rated for use up to 250 F Good dielectric strength 


New catalog and samples on request. 


NEW 24 PAGE CATALOG 






3239 WEST 14 STREET 





Complete specifications on all parts and materials 


oo OF 


‘ from your 


SPECS 


A PART OR A PACKAGE 


A PART: Miniature adjustable ratio speed changers 
RATIOS: 1:5 up to 5:1 down 
(continuously variable over 25:1 range) 
HORSEPOWER: .025 max. either shaft 
TORQUE: 5 to 40 oz-in depending upon ratio 
SPEED: 10,000 RPM max. 
WEIGHT: 8 oz. 
BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days 


A PACKAGE: Call Metron now if you need help with speed 
changing design problems. Our 18 years of experience with mini- 
ature speed changers and precision instruments is at your service 
to design and build mechanical or electro-mechanical packages. 
Send your prints today and you'll hear from us promptly! 


Vite ror 


METRON INSTRUMENT CO. 


432 Lincoln, Denver 3, Colo., PE 3-3764, TWX: Dn 194 
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S-BAND ISOLATORS 


Series X-173 is useful in missile and 
satellite applications and in replacing 
resistive pads. Models A, B and C 
cover ranges of 2.6 to 3.3, 2.7 to 2.9 





and 2.95 to 3.25 kme, respectively, and 
have isolations greater than 10 and 
14 db. Insertion loss, less than 1 db. 
VSWR, 1.2:1. Weight, 6 oz; 3% in. 
long. Melabs, 3300 Hillview Ave., Palo 
Alto, Calif. 

Circle 600 on Inquiry Card 


VENTILATING FANS 


Models 1PB65W10 with air push-over 
motor and 1PB65Y10 with air pull- 
over motor are panel- 
mounted units specifically for cooling 


self-contained 





electronic equipment. For vertical or 
horizontal mounting. Input: 115 volts, 
50 to 60 cps. McLean Engineering 
Laboratories, Princeton, N.J. 

Circle 601 on Inquiry Card 


RELAYS AND 
OVERLOAD INTERRUPTER 


SPDT impulse relay alternately trans- 
positions in response to 
successive similar pulses. Operates on 
1000 microjoules (1 watt for 1 psec). 

Overload interrupter is designed to 
protect components from up to 5 amp 
d-c. Operates in 0.5 to 5 millisec. Series 
46, general-purpose, heavy-duty, a-c 
d-c relay is rated for from 500,000 
operations on 10-amp loads to 10-mil- 
lion operations with no load. D-C sensi- 


fers switch 





ELECTRO-TECHNOLOGY 





@ High moisture resistance 


@ Shock mounted for longer 
life 


@ 2 to 30 pounds—push or 
pull 


@ AC or DC models 

@ Compact design 

@ Quality built 

@ Industrial quality Miniatures 


cesta at ne Laid i eat ian 


A model for every need. Special solenoids engineered to your needs, 


2435 HILTON ROAD, 


~ PETROIT COIL COMPANY  zenoate 20, MICHIGAN 
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Are you using the 
PRODUCT INDEX 


for this issue? 


See page 290. This monthly reference fea- 
ture answers a continuing need, expressed by 
many readers, for a quick method of extracting 
information relating to any material, com- 
ponent or equipment discussed in either the 
editorial or advertising pages. Get acquainted 
with this reference tool. It can save time in 
your data researching. 


>» Cols For Contact Capsules 


—" 


Coto-Coils Write PL 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. |}. 
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News. Knobs 


SY Ra ULL Ua 


Standard 
Sizes 


MODEL 
RB-1250-SK 
Illustrated 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for %” or 4%” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired .. . 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 
8027 N. MONTICELLO e¢ SKOKIE, ILL. 
Specializing In Stock Molded Knobs Since 1939 
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ilent.. sure... 
ercury 


for you in Durakool Contactors 


works better | 


Timer Relays-Switches 


| 
All-Steel bodies with welded seals are rugged. | 
Hypressure Hydrogen Gas, permanently sealed 
inside, quenches arc, dissipates heat, insures low 


contact resistance. They just keep working. 


TE soar CONTACTORS 


Designed to handle heavy inrush currents. 
Silence is wonderful for studios and theaters. 
Enclosed contacts safest for explosive atmos- 
pheres. Up to 100 ampere continuous capacities. 


1, 2 and 3 pole combinations. 


paniaeisiecaliael TIMER RELAYS 


Durakool engineered metering system designed 


to be tamper-proof and dependable. Single 





moving part assures trouble-free operation. 





1, 2 and 3 pole combinations. 








SWITCHES 


Work in any position around diameter. 1 






ampere sizes are mercury to metal design, 






over 1 ampere are mercury to mercury. Avail- 





able uninsulated or insulated in any of a 





variety of materials. 









Durakool 


ELKHART | N 









Elkhart, Indiana, Durakool, Inc., 1018 N. Main St. 









Wette for Chicago, Illinois, Durakool, Inc., Rm. 528, 333 N. Michigan Ave. 
Bulletins No. D-73 Logs Angeles 28, Calif., R. Meussdorffer & Asso., Suite 1, 3491 Cahuenga Blvd. 
and D-75 Montreal, Que., Canada, Measurement Engineering Ltd., P. 0. Box 1352, Sta. 0. 
or see 






Newtonville, N. Y., Walter F. Haines, Apple Tree Lane 

New York 70, N. Y., Durakool of New York, 4747 Bronx Blvd. 

San Francisco 3, Calif., Fisher Switches, Inc., 40 Gough St. 

Toronto 12, Ont., Canada, Measurement Engineering Ltd., 1969 Avenue Rd. 
Hatboro, Pa., Raymond H. Barnes, 422 Tanner Rd. 





Sweet's Electrical 






Catalog— 
Section 5b 
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tivities are 200 mw to 1 watt and a-c 
are 0.5 to 3 va. Sigma Instruments, Inc., 
170 Pearl St., So. Braintree 85, Mass. 

Circle 602 on Inquiry Card 


TACHOMETER 
Model SU-780D-1, 45-volt/1000-rpm 


unit, is 3% in. long x 1% in. diam. 





Stainless-steel shaft diameter: 3/16 in. 
Neoprene seal prevents entrance of 
contaminants. Servo-Tek Products Co., 
1086 Goffle Rd., Hawthorne, N.J. 

Circle 603 on Inquiry Card 


BOOSTER SUMMING 
AMPLIFIER 

Solid-state unit can drive a precision 
Size 11, 400-cps resolver or several 
computing potentiometers. Accuracy, 






0.05 per cent. Sums up to five inputs. 
Less than 5-min phase shift, 1-megohm 
input impedance, 30-volt signal level. 
Melcor Electronics Corp., 48 Toledo 
St., So. Farmingdale, L.I., N.Y. 

Circle 604 on Inquiry Card 


SOLID-STATE 
SERVO SYSTEM 


Model 6102 amplifier, with associated 
reversible non-synchronous motor, is 
plug-in device. Gear box on motor pro- 
vides ratios from 4:1 to 30,000:1. Out- 
put power: 0.05 in.-lb at motor shaft. 
Sensitivity: 1 mv d-c or 60 cps. Input 
impedance: 2000 ohms. Gain control 
range: 40 db. Amplifier size: 3 in. x 
23% in. sq. Motor size: 5 in. x 31% in. 


(Continued on page 272) 
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AUTOMATION and QUALITY CONTROL 
insures the best in 


DANO COIL ENCAPSULATION 


Also send us your specifications for quotation on: 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @© FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street « Winsted, Conn. 
Circle 268 on Inquiry Card 


YOU CAN OWN THIS VALUABLE AUTHORITY ON 
PERMANENT MAGNETS FOR ONLY $10. You’ll find 
the answers to almost all of your questions about per- 
manent magnets in this authoritative Crucible hand- 
book — because its 346 pages cover everything from 
selecting magnet alloys for TV systems to interpreting 
molecular fields. 

Just look at the chapter headings: Permanent Magnet 
Design * Permanent Magnet Measurements + Theory 
of Ferromagnetism « Electromagnetism * Permanent 
Magnet Steels * Cast Alnico * Permanent Magnet 
Alloys * Standard and Stock Magnets * Ferrimag * 
Magnetization and Demagnetization. 

For your copy, send check or money order for $10* 
to Crucible Steel Company of America, Four Gateway 
Center, P.O. Box 88, Pittsburgh 30, Pa. 


*Add 40¢ for state sales tax if you are located in Pennsylvania. 


CRUCIBLE | STEEL COMPANY OF AMERICA 
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Electrix 


a es 


Greater 
Holding Power! 


Cl 


Easier, 
More Uniform 


Plt ti eet ul lb a 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly, 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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What do you need in an | 
adjustable speed drive? 


jolt CMa eL ELLE 





Compactness! 


Less Maintenance! 








714-hp Ajusto-Spede Drive 


Common motor-drive housing for units up 
to 714 hp saves space — can be foot or 
flange mounted. Larger sizes up to 100 hp 
with individual motor and drive housings 
mounted integrally. 


NEW design news from Louis Allis 


... rhe Louls Allis AJUSTO-SPEDE® drive 
is more compact, precise, and trouble-free 


Here’s an adjustable speed drive that allows truly precise machine operation. 
Speed regulation is automatic and stepless — results in faster, more efficient 
production at lower cost, with less waste, and minimum wear on equipment. 


These and other benefits are yours when you use the improved Louis Allis 
Ajusto-Spede drive. For example, it can be set before or during operation to deliver 
any desired speed within its range. Its exclusive tachometer feedback circuit 
monitors the output speed and automatically corrects speed and holds it 
regardless of load changes. 


This improved drive requires minimum maintenance. Its stationary field has no 
brushes, commutators, or slip rings to cause trouble. The source of power is an 
equally trouble-free standard a-c squirrel cage motor. The cast-iron housing 
keeps out dirt, chips, and moisture — resists corrosion. 


The compact Ajusto-Spede also saves space. Integrally-mounted motor and 
drive simplify handling — can be easily adapted for installation on new or existing 
machines. Controls can be mounted at the machine or any other convenient position. 


The Louis Allis Ajusto-Spede drive is the practical solution to almost every 
application that requires dependable, easily controlled adjustable speed. It is the 
answer to precise operating speeds for machine tools, process machinery, test 
equipment, windups, conveyors, printing presses, and other equipment. 

Contact your Louis Allis District Office for information and application 

help. Or write for bulletins 2750 and 2800 — The Louis Allis Co., 

428 East Stewart Street, Milwaukee 1, Wisconsin. 

® Ajusto-Spede is a registered trademark of the Eaton Mig. Co. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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- GRE tiny parts 


Die Cast 


ZINC ALLOY a 
Molded | Coil Bobbin Work Sheet 


PLASTICS Valuable data on wide range 
OS Sie 
©0 





of sizes, shapes, designs 
from stock—and to specs in 
small bobbins of Nylon, 





- wee Delrin, Kel-F, etc. 
r= 7) er * 
& ) : 
Die Cast Zinc Alloy ba : 
mPg sas f a 
= od ‘ J : we 
AAG sf gle |S a> 
A oe : eo “4 
~~ Cor — Te 


~ & : rn : 
1 ri Other GRC’s unique high speed automated methods give you 
ale high quality, uniformly accurate small parts in die cast 
zinc alloy or molded Delrin, Nylon and other engineering 


se thermoplastics . . . at low cost. GRC experience and ex- 
> B en tad clusive techniques open the way to new design freedom, 
= i new production and assembly shortcuts. Write, wire, 
> ee phone NOW for samples and detailed bulletins. Send 

8 prints for prompt quotation. 


oS NO MINIMUM SIZE! Maximum sizes: 


=a 
Wa i a ~ = : iw | 1 
SS B® CR. = Zinc Alloy—2” long, % oz. 
>) & 
<2 





a \ & Sy Plastic—1%4” long, .03 oz. 


eer CO) GRIES REPRODUCER CORP. 
= : World's Foremost Producer of Small Die Castings 
Gears & Pinions ~ 149 Beechwood Avenue, New Rochelle, New York « New Rochelle 3-8600 


Sitios See us at DESIGN SHOW—3#1143; PLASTICS SHOW—71549 
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Newetandmectodvanced 


MULTIPLE-USE 


CONSOLE 
CABINET 


OIL-TIGHT and 
DUST-TIGHT 








Made of 14 gauge 
steel with welded 
seams. Height 50” 
width 24%, depth 23”. 
Writing desk optional, 


WITH WIDE APPLICATIONS IN BOTH 
ELECTRICAL AND ELECTRONIC FIELDS 


This Hoffman Model 14 heavy-duty oil-tight console 
enclosure is designed as an operator control station 
with maximum flexibility to meet variable needs. The 
sloping front panel is ideal for mounting meters, switches 
and pushbuttons. 


Flush key-locking gasketed doors, front and rear, 
provide access to lower sub-panels which can be either 
stationary or swing-out. Note provision for pull-out 
electronic chassis and rack panels if desired, or com- 
bination stationary panel with pull-out chassis. This 
is the most versatile, heavy duty, all-welded oil tight 
and dust tight cabinet available today! Write imme- 
diately for Bulletin 139. 


Wolfman ENGINEERING CORPORATION 
Dept. ET-171 = Anoka, Minnesota 


Circle 273 on Inquiry Card 





Back View 






sq. Output shaft: 0.250 in. diam. Solar 
Electronics Co., 5909 Melrose Ave., 
Hollywood 38, Calif. 

Circle 605 on Inquiry Card 


MINIATURE SPARK GAP 


Z5362 triggered spark gap capable of 
switching 18 joules of energy at 3000 
volts, by remote control, is for switch- 
ing a single stored electrical energy 





ill 


system into low-impedance loads. In 
such applications, tube’s action time 
is 1.0 to 1.5 usec. Gaseous, cold-cathode 
switch tube requires no warm-up time. 
Maximum main-gap operating voltage 
is 2000 to 2600 volts. Main gap will 
hold off 3000 volts indefinitely and 3600 
volts for 10 min. Nominal peak main 
gap current is 1500 amp. Maximum 
main-gap current-pulse duration is 10 
psec. Trigger firing voltage, 500 volts 
min; peak trigger firing-current, 5 amp. 
General Electric Co., Power Tube Dept., 
Schenectady 5, N. Y. 

Circle 606 on Inquiry Card 


STRIPED VINYL-COATED 
GLASS TUBING 


Turbotuf tubing is produced with a 
smooth, continuous stripe. Tubing is 
available in any color combination with 
either longitudinal or spiral stripes. 
One, twe vr three stripes of the same 
or different colors can be supplied. 
American Enka Corp., William Brand- 
Rex Div., Concord, Mass. 

Circle 607 on Inquiry Card 


REGULATED POWER SUPPLY 


Model P30-1 “Pow-Pac” has an input of 
115 volts rms +10 per cent, one phase, 
55 to 400 cps. Output: 12 to 20 volts 
at 0 to 1 amp, 26 to 30 volts at 0 to 1 
amp, or 10 to 33 volts at 0 to 0.75 amp. 
Load regulation, +5 per cent. Line 
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IT STILL WORKS . 


... BUT TODAY'S PRODUCT 
TURNS OUT MORE VOLUME — IN LESS TIME! 


And so it is with T&B-KENT 


Progress in the design of wire terminating methods 
has brought forth the revolutionary new WIRE-DIAL* 
high-speed attaching machine — capable of installing 
as many as 300 different terminals on wires from #10 
to #22 with the turn of a dial . . . without conver- 
sions, changeovers or set-up time. This advanced ma- 
chine, together with the T&B-Kent “Family of Termi- 
nals” Concept, provides for the most efficient — most 
economical method of high-speed production installa- 
tion of wire terminals yet devised. 


THE KENT MANUFACTURING CORP. 
188 Needham Street, Newton 64, Massachusetts 


A SUBSIDIARY OF THE THOMAS & BETTS CO., INCORPORATED, ELIZABETH, N. J., 
IN CANADA: THOMAS & BETTS LTD., MONTREAL 


AMAIA SOLD COAST TO COAST EXCLUSIVELY BY YOUR T&B DISTRIBUTOR 
Circle 274 on one Card 


“GLASS. TIPPED”’ SET SCREWS | LOOK TO THE MAN BEHIND 
Swoon, Consent THE MANUAL 


o, Hemispherical ; before 
SCREW—Stainless Steel, : 


Slotted, Ground Threads, you buy bearings! 


IN sTOCK— Sizes 4, 6, 8 N.F. & N.C. in the weet 
4-48 x 7/32, 5/16, 3/8, 7/16 & 1/2 


6-40 x 9/32, 3/8 & 1/2 | THEODORE KANELL, MGR. 
8-32 x 5/16, 1/2 & 7/8 : 4 Western oo 
HARTWOOD GLASS & METALS COMPANY ~" wir ae 
P.O. Box 865 Martinsburg, West Virginis a Hollywood 28, California 


Specializing in Glass Coated Metals for Electrical Insulation Tel: HOllywood 4-0208 


_ ae Oy See ee HIS JOB STARTS where our 150- 
- — 1 stops. He’ 
FOLDING DOUBLE CUPPED WASHER LUGS " AD Instrument Ball Bearing Engi- 
With or Without J és Fe neer. He’s a good man to talk 
Insulation Grip— | | — a with before your designs are 


Saran Aoie For i frozen. Maybe he can save you 


- Standard, Extra DESIGN : a 
EASY TO APPLY « NO TOOLS REQUIRED flexible Strand- tt heey time and money. It costs noth 


ingand Solid Wire MANUAL ing to find out. 

HE'S ALSO THE MAN to contact 
if you don’t already own our 
manual, the nearest thing to a 
textbook on miniature and in- 
strument ball bearings ever 
published. 





NEw 
AT 1UAh a Mes UTA) | HAMPSHIRE / BALL BEARINGS, INC. 


Ra LU NeeSE Sa Mee ee me 


Write for Bulletin 8-DF 





PETERBOROUGH, N. H. 
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regulation, +5 per cent for 105- to 
125-volt line. Ripple, 3 mv peak-to-peak 
max. Recovery time, 50 ysec. Rated 
current at 35 C derated linearly to 
0 amp at 75 C. Dimensions: 8 x 5 x 
3144 in. NJE Corp., 20 Boright Ave., 
Kenilworth, N. J. 

Circle 608 on Inquiry Card 


D-C OPERATIONAL 
AMPLIFIER 


Model 505A rack-mounted unit, 19 in. 
wide x 31% in. high, operates from 
115-volt 60-cps line. Features response 
to 5 ke and open loop gain of 5000. 
Model 505AS, chopper-stabilized ver- 
| sion, offers d-c gain of over 10°. Bi- 





polar output of 8 ma allows use with 
servovalves, recorders, galvanometers. 































PUSH TO TEST AT REAR 
AWAY FROM ALL Dual inputs provided for use in com- 


HOT CONTACTS mand-feedback servo loops. Micro Gee 
Products, Inc., 6319 W. Slauson Ave., 


AUXILIARY SWITCH Culver City, Calif. . 
Circle 609 on Inquiry Card 





© Lightweight LUMPED-CONSTANT 

@ Easy to Test DELAY LINES 

@ Easy to Service DL-1000 units have delay rise time 
* Easy to Mount ratios as high as 175:1 and are avail- 


able in delays to 500 psec with im- 
A quick check of the unique | pedance ranging from 100 to 1000 
features incorporated in this 
totally new Guardian Power 
Relay should attract and 
intensify the interest of 
engineering specialists who 
are responsible for the 
dependable performance of 
power relay controls. 


| 
1. Inverted Coil Construction protects armature and contacts to insure long life, | 


reliable electro-mechanical operation. 


2. Contacts (D.P.D.T.) U/L rated for 15 amperes at 115 V.A.C. non-inductive, or | 





ohms. Designed for ambient tempera- 


tures from —55 to +125 C. Allen 
oe er ee Avionics, Inc., 255 E. 2nd St., Mineola, 
3. Screw Type Terminals easily accessible for top or bottom connections. La Be 


in ‘ Circle 610 on Inquiry Card 
4. Recessed Auxiliary Switch up to S.P.D.T. rated at 125 volt amperes Pilot duty | 


115/230 V.A.C., 60 cycles, or 10 amperes at 115 V.A.C. non-inductive. WOUND-ROTOR MOTORS 
5. Armature Extension permits manual circuit testing. Units used in heavy machinery requir- 
Voltages: 6,12, 24,115 and 230 V.A.C., or 6,12, 24,110 and 220 V.D.C. ing high starting torque have frames 


from 182 through 326 U. Hp ratings: 
Size: 356” x 2%" x 2V6". Shipping Weight: 8 ounces. 


Mounting: Two %" holes on 17%” centers. Low Priced. 











Arrange for delivery of a Production Sample. Write Today. 


GUARDIAN 07 ELECTRIC 


MANUFACTURING COMPANY 
1552-F W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control” 
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eG a ae. G. Gor 


(i VK * - . Sia re bowl ; 1. New Synduction Motor—A low cost syn 
4 chronous motor! Has hysteresis features at 

shaded pole price. Constant speed for phono- 
graphs, tape recorders, chart Urives, timing 
devices, etc. 
2. “L" Motor—Shaded pole motor for type- 
writers, business machines, eto. 
3. “H"” Motor—High starting torque, compact 
OCU ee ee me LCC el 


4. “JSG" Gearmotor —F or Totisseries, vend 
* ing machines, remote controls, etc 

5. “JIS" Motor —Proven dependability! For 

fans, heaters, pumps, recorders and many 

MATa 


For the industrys most complete line of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- Torque 
tional HP motors, offers the widest choice of standard  ——Mede!___| Voltase | Orin. | Amos 
and custom models, faster service, more for your money.  -Synduction | 1.0 


asnabasesdiitaiacs 
Used in leading makes of phonographs, tape recorders, aes 17 (65 | 12 


+--+ 
appliances, business machines, animated displays and 5 ocean ‘7 1 0 31 
other products—all can be customized to your own pies petal 
specifications. | 117 | 2.70 | 


Write for complete catalog—price quotations upon request 


The Alliance Manufacturing Co. Inc., Alliance, Ohio 


(Subsidiary of Consolidated Electronics Industries Corp.) 


Circle 279 on tnquiry Card 


_.an infinite variety of standard plastic parts LOOK TO THE Maw SEHING 
available without tooling cost THE ANUAL 


before 
you buy bearings! 
in the northeast 
DONALD J. KNIZAK MGR. 


; Northeastern Regional Office 
CY _. New Hampshire Ball Bearings, Inc. 
P Peterborough, New Hampshire 
| am Tel: WAlnut 4-3311 


HE HAS ANSWERS TO problems 
not covered by our 150-page 
manual. An Instrument Ball 
cover knobs ae 4 Bearing Engineer, he’s right in 
- the middle of all new develop- 
@  =ments pertaining to instrument 
DESIGN [ bearings. He can help you save 
MANUAL days-and dollars-on your de- 
sign projects. 
HE WANTS to see to it that our 
manual is owned by every 
qualified engineer, draftsman 
appliance feet and purchasing agent in his ter- 
ritory. Do you have one? 


HARRY DAVIES MOLDING CO. oe Ww 


Cee 


HAM PSHIRE /oa.t BEARINGS, INC. 


PETERBOROUGH, N. H. 
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‘ | VW, 2, 4, 834, 12%, 1714, 22%, 2714, 
DO you NEED U nig Of | 32%, 35, 37144 and 40. Frames are 
aluminum alloy, drip-proof or totally 


enclosed. Reuland Electric Co., Howell, 


FOR FINISHING WIRE LEADS soi>iic: 
WITH TERMINALS ATTACHED? cow tames 


These devices have a starting time of 
less than 1 millisec in darkness as well 
| as light. Type LT2-27-IR has break- 
down voltage of 104 to 112 volts d-c, 
and maintaining voltage of 64 to 74. 





Circle 611 on Inquiry Card 


=> 


Type T2-27-IR100 breaks down at 66 
to 74 volts and maintains at 52 to 59 
volts. Type T2-27-1WR760 breaks 
down at 170 to 200 volts and maintains 
at 70 to 75 volts. Signalite, Inc., Nep- 





tune, N.J. 
Circle 612 on Inquiry Card 
| MAGNETOSTRICTIVE | 
| DELAY LINE 





| Model 2370 can provide delays up to 
| 5000 psec with adjustment of +5 
| psec. Temperature range: —55 to +70 

C with temperature coefficient of less 


new ARTOS 
TA-20-S 
Performs 

4 Operations 
Automatically! 





than 20 ppm/C (4 ppm/C available). 
Insertion loss: about 60 lb. Signal-to- 


ArtosTA-20-5 | 
| 
| noise ratio better than 10:1. Carrier 
| 
i 


with guard raised 






1. Measures and cuts solid or stranded wire 2’’ to 250’’ in length. frequency: 250 ke to 1 mec. Power- 
Tronic Systems Inc., Pine Court, New 


2. Strips one or both ends of wire from 1" to 1”. Rochelle. N.Y. 


3. Attaches any prefabricated terminal in strip form to one end of wire. Circle 613 on Inquiry Card 
(Artos Model CS-9-AT attaches terminals to BOTH ENDS OF WIRE 

simultaneously.) CIRCUIT BREAKER 

4. Marks finished wire leads with code numbers and letters. (Available Model CB-3700 contains separate cir- 

as optional attachment.) cuit which telemeters the OFF or ON 

| condition of the breaker and may be 

PRODUCTION SPEEDS up to 3,000 finished pieces per hour. Sor eauthe a eee 

Can be operated by unskilled labor. Easily set up and adjusted from % to 50 amp. Life expectancy, 

to different lengths of wire and stripping—die units for different over 10,000 cycles. Will withstand over 

types of terminals simply and quickly changed. 25-g shock. Resistant to sand, dust and 


ENGINEERING CONSULTATION. . . recommendations without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 


J 





AGENTS 
THROUGHOUT THE WRITE for FREE Bulletin No. 655 on Artos TA-20-S 
WORLD World Leaders in 





co) (oye 


2741 South 28th Street ° Milwaukee 46, Wisconsin 
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New! The most 
reliable limit switch 
ever developed 


(from Cutler-Hammer, of course) 


The serious problem of limit switch failures has now 
been greatly reduced thanks to Cutler-Hammer’s 
new oiltight limit switch. Under test conditions 
much tougher than in actual production, our limit 
switches have lasted far longer than any other brand. 
It fits almost anywhere and in any position. 
Change lever motion quickly in the field. No other 
switch sealed more effectively. Get facts in 
PUB. ED-143-K231. 
WHAT'S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer, Inc., Milwaukee, Wisconsin « Division: Airborne Instru- 
ments Laboratory « Subsidiary: Cutier-Hammer International, C. A. « Asso- 
ciates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer, Mexicana, S. A. 
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Best electrical resistance yet LOOK TO THE MAN BEHIND 


for Capacitors @ Resistors 
Pyrometers @ Appliances 


. . wherever high insulation values are desired , use 
Sauereisen Cement No. 8. Will not corrode re- 
sistance wire, withstands temperatures to 2800°F, 
self-hardening, quick-setting. Ask for Data Sheets. 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


SPECIAL TRIAL ORDER 750 


for making tests under your own conditions Galion Can 


SAUEREISEN "2';\*"" No.8 


Circle 284 on Inquiry Card 


DYKEM 
STEEL BLUE’ | 


Popular ckage is 

A Py i oN 8-oz. can fitted with 
making Dies and : y) Bakelite cap holding 
tieeiieens —— soft-hair brush for ap- 

id plying right at bench: 


metal surface ready for = 


layout in a few minutes. 


/. The dark blue background & 


* makes the scribed lines = 
show up in sharp relief, = 


prevents metal glare. In- = 


creases efficiency and & 


accuracy. = 


Greet Boe, Write for sample 


_ on company letterhead = 


THE DYKEM COMPANY = 


with OYKEM isa \' 
Ve 2303F North 11th St. ¢ St. Lovis 6, Mo. = 
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THE MANUAL 


before 
you buy bearings! 


in the east 


SIDNEY J. GOODRICH MGR, 
Eastern Regional Office 
New Hampshire Ball Bearings, Inc. 
61 Cutter Mill Road 
Great Neck, New York 
Tel: HUnter 2-8633 


HE’LL BRING YOU up to the min- 
ute on new developments not 
covered by our 150-page man- 
ual. An Instrument Ball Bear- 
ing Engineer, he'll help you 
select the type and size of bear- 
ing that will deliver top per- 
formance. Try him and see. 


DESIGN | 

MANUAL 
HE'LL SEND YOU our manualif you 
already don’t own it. It belongs 
in the files of every qualified 


engineer, draftsman or pur- 
chasing agent. 


NEW 
HAM PSHIRE oat BEARINGS, INC. 


PETERBOROUGH, N. H. 
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SENSITIVE RESEARCH 


CONSOLE 


Model LTC 





+ 
€ 


The only AC and DC calibra- 

tion console to offer these ad- 

vantages! 

e@ Accuracy: +.05% of reading 

e@ Frequency Response: DC to 
25 kc. 

e Current Range: 1 ma. to 
11.11 amps 

e@ Voltage Range: .5v.tollllv. 

e Readout directly in ‘*% 
Error.” 

@ Thermocouple Overload Pro- 
tection 

@ Self-contained for one man 


operation. 
Price $5,560.00 


Model LT-PS is a highly stable 
(.01%), variable frequency (20 
cps.—20 kc.), low distortion 
(.1%), AC source designed for 
use with LTC console. 

Price $4,250.00 


a > OO 


NSTRUMENTS 





Model RFVC 


RADIO FREQUENCY CALIBRA- 
TOR for the certification of 
VTVM's from DC to 10 me. 
Accuracy +.3% of full scale; 
*+.2% maximum frequency in- 
fluence. Ranges .01/.1/1/3 V. 
Responds to true RMS. Com- 
pletely “Self Checking” against 
an internal reference source 
Diamond Pivoted, of course! 


Price $840.00 


<_ C3 


> 


SENSITIVE 


RESEARCH 


INSTRUMENT CORPORATION 
NEW ROCHELLE, N.Y 
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corrosion. Wood Electric Corp., 244 
Broad St., Lynn, Mass. 
Circle 614 on Inquiry Card 


NOISE GENERATOR 


’ 


Using ‘“Sounvistor’ semiconductor, 
random noise can be generated in 
selected frequency ranges known as 


——»—_—__—_ 


yellow and pink noise bands. Output: 
2-20,000 cps random, +3 db. Input 
voltage. —19 volts d-c max; output, 
100-400 volts rms. Solitron Devices, 
Inc., Norwood, N.J. 

Circle 615 on Inquiry Card 


HIGH-TEMPERATURE 
FLEXIBLE SHAFT 


Shaft with 5/16-in. diam core is made 
up of layers of stainless steel wire. 





Deflection can be held to close toler- 

ance. Stow Manufacturing Co., 9 Shear 

St., Binghampton, N.Y. 

Circle 616 on Inquiry Card 
— tn 


MYLAR TUBING 


Tubes are available in sizes from 0.040 
to 8 in. ID with wall thicknesses from 


| 0.001 to 0.050 in. in relationship to ID. 


Electric strength, 2500 vpm min avg. 





et agai 
ee.” 


Continuous heat resistance of 300 F, 
rated Class B (130 C). Impervious to 
common solvents and resistant to cor- 
rosion and fungus. Resinite Corp., 6984 
No. Central Park Ave., Chicago 45. 
Circle 617 on Inquiry Card 


REED RELAYS 


Miniature encapsulated units with up 
to 12 poles are 2% in. long x 19/32 
in. deep x 1 25/32 in. wide. Glass- 
sealed in inert gas, surrounded by d-c 
magnetizing coil and encapsulated in 
epoxy resin. Standard units have 6-volt 
d-c operating coils and require about 
0.2 watts per pole. Contacts normally 














You ve designed 


Tube Circuits 
—hut how about 


Transistors? 


@ There’s a big difference! 

Getting results with transistor circuits 
calls for a fundamental knowledge of the 
theory of operation of semiconductor 
diodes and transistors and of proper ap- 
plication procedures. 

It’s a broad subject that has required— 
even for the most concise presentation 
—six feature-length articles in ELecrro- 
TECHNOLOGY by engineer-author-teacher 
A. A. Sorensen of Space Technology Lab- 
oratories, Inc. 

The series, “Semiconductor Electron- 
ics,” has been brought together into 
a compact, flexible-cover reprint vol- 
ume for home study use and continual on- 
the-job reference. 

Here’s a quick run-down of the sub- 
ject areas covered: 


1. SOLID-STATE PHYSICS. This open- 
ing chapter deals with the theory and 
application of junction diodes and tran- 
sistors. Includes a discussion of atomic 
theory and the crystal structure of ma- 


| terials. 


2. NCTION DIODES. Here the 
author covers the application of the 
principles of solid-state physics to the 
eee and application of diodes. The 
characteristic equation is developed and 
its practical use in design demonstrated. 


| A special section deals with Zener diodes. 


3. JUNCTION TRANSISTORS. This 
chapter develops the various character- 


| istics and parameters of transistors from 


basic energy-level diagrams. Equivalent 
circuits are defined and their use in the 
analysis of the transistor as a circuit ele- 
ment is described. 

4. TRANSISTOR NETWORK ANAL- 
YSIS. General four-terminal networks are 
analyzed in terms of the various possible 
parameters. The same techniques are 
then — to transistor circuits. Prop- 
erties of common-base, common-emitter, 
and common-collector connected transis- 


| tors are fully developed. 


5. TRANSISTOR AMPLIFIER DESIGN. 
Here the author provides practical ap- 
plication details with complete informa- 


| tion on the actual design of various am- 


plifier types. 


6. NON-LINEAR AND SWITCHING 
OPERATION. In this concluding chapter 


| the author explores the use of transistors 


| 
| 


| as switching 


| Section, 


devices. Switching is con- 
sidered both as a static and a dynamic 
operation. 


The 44-page reprint booklet includes the 


| full published text of each article, to- 


gether with an explanatory foreword and 
reference index. The price is $2.00 (post- 
paid) for single-copy orders. See the 
“Science Engineering Re- 
prints,” on page 183, for quantity rates 
and handy Order Form. 
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Automatic simultaneous winding |, 
of 2 to 5 group concentric coils... 


QQ... 


reread 
you CAN , oe Patents 


Granted 
and 


CUT Pending 
WINDING — 4 
Sr: ae “ A «*LOWEST MACHINE INVESTMENT PER 
cosTs eee “ A =—sUNIT PRODUCED. 


WITH Winding speed at 325 RPM. 


Preparation time: 4-pole, 4% min- 


ute; 2-pole, % minute. 


vas | ae = Automatic cutting and anchoring 
NOON AVG 3 par of leads. 
i ao 1 y 


Completely automatic during 


OVA a = 


Winds greater range of stator 


STATOR WINDER”. <a 


Production example: 4-pole stator 
a i: 1 with 3-group concentric coil per 


g POR COMPLETE DATA OR pole ot 125 turns per coil produces 
WRIT M 


88 stators per hour; 2-pole with 5-group concen- 
ARRANGE TO VISIT OUR PLANT FOR DEMONSTRATION 


tric coil per pole at 159 turns produces 58 stators 


FORT WAYNE TOOL, DIE & ENGINEERING CO. | J aie 
1027 Goshen Road * Fort Wayne °* Indiana, U.S.A. So 
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LOOK TO THE MAN BEHIND 
THE MANUAL 


before 
you buy bearings! 
in the central states 


ALFRED J. CAPELLI MGR. 
Central Regional Office 
New Hampshire Ball Bearings, Inc. 
566 Northwest Highway 


PERCENT ' | a Des Plaines, Illinois 
a Tel: VAnderbilt 7-6646 
OF CYCLE HELL TELL YOU what our 150- 
page manual can’t. An Instru- 


ig ment Ball Bearing Engineer, 
SAVES SPACE, CUTS POWER LOSS ie he's saath tu help sons. deg 
Only 3-1/2” square at the face, 4-5/16” deep, the Hagen j ‘4 around standard types and 


Percent -O-Cycle Timer is a worthwhile substitute for . : sizes to speed your new develop- 
power-wasting rheostats and variable voltage equipment ments and cut your costs. He 
on eet applications. Snap action contacts, operated by i bette can also consult on the design of 
synchronous motor drive, permit this unit to handle loads a special bearin 
up to 25 amps at 120/230 volts, 60 cycles. tra: nae ” 

HE’LL BE GLAD to send you our 


REPEAT ACCURACY 1/10 OF 1% manual if you don’t already own 
Easy to read dial makes it possible to set timer to 1/4% it. It’s now in the hands of more 
of desired setting. than 50,000 qualified engineers, 

Address Dept. ET-561 draftsmen and _ purchasing 


Send for new HAGEN Bulletin 1360. | | agents. Want one? 





Of The Gamewell Compony WISCONSIN HAMPSHIRE 


AN E. W. BLISS COMPANY SUBSIDIARY PETERBOROUGH, N. H. 


BALL BEARINGS, INC. 


BARABOO, | NEW 7 
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Program Clocks 


Interval 
Timers 






















Time 
Delay 
Timers 


152 WEST WALTON STREET e CHICAGO 10, ILLINOIS 
Telephone: Michigan 2-3322 * Cable Zenelec 


FAST DELIVERY... 
on a Wide Range 
of Special and 
Standard 

Timing Controls 


Now, choose the right timer for any 
control requirement from Zenith’s 
versatile line. Save time and avoid 
delay. Get prompt engineering and 
delivery on specials . . . immediate 
delivery on standard controls. 


DEPENDABLE — Take advantage of 
Zenith’s experience in engineering 
and manufacturing quality con- 
trols and timing devices for over 
35 years. 


e Program Clocks 

e Time Switches 

e Interval Timers 

e Time Delay Timers 

e Automatic Reset Timers 
© Multi-Circuit Cycle Timers 
e Percentage Timers 

e Impulse Timers 


Our catalog 18-B also includes 


® Automatic transfer switches engi- 
neered to assure continuity of power 


® Magnetic contactors ruggedly de- 
signed for reliable power switching 


Write for your copy Visit Us 
of Catalog 18-B At The 
today. See Design Show 
classified telephone _ Booth 1237 


directory for 
your factory 
representative. 
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rated 5 watts resistive. Obtainable for 
12 volts d-c. Struthers-Dunn, Inc., 


Pitman, N.J. 
Circle 618 on Inquiry Card 


6PDT CRADLE RELAYS 


Two-amp miniature relays up to 6PDT 
for use in military ground equipment, 
business machines, computers and other 
commercial electronic equipment. A 
20-pin plug-in relay, Type TADO, mates 
with commercial 20-pin sockets. A 14- 
pin plug-in TADG relay of same type 
also is made with up to 4 poles, double 
throw. Contact rating, 2 amp resistive 
or 1 amp inductive at 29 volts d-c or 
115 volts a-c. Coil resistances supplied 
for voltages from 0.5 to 130 volts d-c. 
Nominal coil power is 700 milliwatts 
for 4 PDT, 1.3 watts for 6 poles. Allied 
Control Co., Inc., 2 East End Ave., 
New York 21, N. Y. 

Circle 619 on Inquiry Card 


SLIP-RING ASSEMBLY 


Unit for instrumentation circuits ac- 
commodates 15 to 30 rings in one size. 
Current capacity: 2 amp at 250 volts, 
60 cps. Size: 4% in. diam x 834 in. 





high. Weight: less than 3 lbs. Up to 
1200 rpm. Shaft: 1%4-in. diam max. 
Low noise level. Superior Carbon Prod- 
ucts, Inc., 9115 George Ave., Cleveland 
I 

Circle 620 on Inquiry Card 


Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
on— 


+ New Components and Materials 

+ Literature for the Design Engineer 
* Feature Articie Reprints 

* Advertised Products 
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EN aa att) 8s 


MODELS 


1/35 to 1/10 hp. 


Then switch to Carter blasste_] 


Interchangeable with competitive types. Exclusive performance 
features include longer brush life, instrument quality ball bearings 
in steel sleeved housings, highest quality die-cast construction. 


6 to 220v. Series Models . . 
6 to 115v. DC Shunt Models 


As your specialty motor source, there 
are no restrictions on modifications, no 
long delivery, no minimum orders . . . 
just friendly, personal attention to your 
requirements. 


Carter also offers 
a line of 45 
miniature Motors 
and gearmotors 5 So ae 
1/1000 to 1/10 hp. WRITE for prices, specifications, 
OEM discounts. 


Use letterhead for special attention. 


Carter Motor Company 


2708 W. George Street + Phone JU 8-7700 + Chicago 18, Illinois 
Large Enough to Serve You, Small Enough to Want to 
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What is your terminal problem? 


Applications requiring 
UL approval? 


erimental work 


~~ (Build up)? 


—J a7) r , = i 
is (rn freer 


Curtis Terminal Blocks Make Better Connections — 
Economically — Quickly. A Type for every purpose. 


CURTAS ovtvevopment & MFG. CO. 


3222 North 33rd Street Milwaukee 16, Wisconsin 
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AMPERITE 


Thermostatic DELAY RELAYS 


OP a glass seal 


ACM CM gua LT 
MSC meme em me 


Delays: 2 to 180 seconds .. . Actuated by a heater, 
they operate on A.C., D.C., or Pulsating Current . . . Being hermetically 
sealed, they ore not affected by altitude, moisture, or climate changes 

. . . SPST only—normally open or normally closed . . . Compensated for 
ambient temperature changes from —55° to +80° C. . . . Heaters § 
consume approximately 2 W. and may be operated continuously . . . The 
units are rugged, explosion-proof, long-lived, and—inexpensive! 
TYPES: Standard Radio Octal, and 9-Pin Miniature . . . List Price, $4.00. 
Also — Amperite Differential Relays: Used for automatic overload, 
under-voltage or under-current protection. 


PROBLEM? Send for Bulletin No. TR-81 


AMPERITE 


' 

VOLTAGE OF 24V ' WITH AMPERITE 

ATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX 4 ONLY 


50% 2 7° 
Hermetically sealed, they are not affected by changes in altitude, 


ambient temperature (—50° to +-70° C.), or humidity . . . Rugged, 
light, compact, most inexpensive List Price, $3.00. 


Write for 4-page Technical Bulletin No. AB-51 


rt 


961 Broadway, New York 12,N. Y.... CAnal 6-1446 
UEC Cec ee Ce 
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ACME ELECTRIC CORP. 


DO YOU HAVE 
MAGNETIC 
COMPONENTS 
ON YOUR 
MIND? 


Acme Electric’s long exper- 
ience in designing and build- 
ing transformers has been 
the keystone to our progress 
with such equipment as direct 
current static rectifiers, mag- 
netic amplifier controlled 
saturable reactors, automatic 
battery chargers, and many 
other modern types of power 
equipment. 

Acme Electric transformers 
are designed for a variety of 
applications ranging from 
radio and television through 
missiles and ground control. 


If you have had experience 
in any phase of magnetic 
component design — and 
want an opportunity where 
your efforts and ability can 
lead to a secure future, then 
tell Acme Electric all about 
yourself. 


This is one of the 600 KW 


static, magnetic, rectified 
direct current power supplies 
furnished to Brookhaven 
National Laboratory for use 
with the 30 BEV Alternating 
Gradient Synchrotron. 


Personnel Department 


355 Water Street Cuba, N. Y. 
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Laboratory and 
Engineering Equipment 





SINE-WAVE GENERATOR 


Model 401F covers 1 cps to 1 me 
range. Output: 20 volts open-circuit 
and 10 volts into 600-ohm load, with- 





is d-c to 2000 mc. Accuracy is better 
than 1 per cent, variable to 3 nanosec. 
Max attenuation is 0.0017 db at 100 
me. Ad-Yu Electronics Lab., Inc., 249- 
259 Terhune Ave., Passaic, N.J. 


Circle 623 on Inquiry Card 


D-C POWER SUPPLY 
Model BC236-30 voltage-regulated 30- 


amp power supply incorporates silicon 





out effect on waveform. Five-position controlled rectifiers. Operates from 
decade attenuator permits output se- xs 4 
lection down to 1 my. Dimensions: e 


8 x 6 x 10% in. Weight: 12 lb. Wave- Ss : 


forms. Inc., 6 Cornelia St., New York = ,. <= — LJ ‘a 
14. = ' 

Circle 621 on Inquiry Card 4 5 Ld 2 

—:. . 


CONTINUOUS 
IMPEDANCE PLOTTER 


Automatic impedance plotter, Type 
14, gives frequency coverage from 
0.1 to 1700 me, enables crystal-trans- 
ducer impedance measurements. In 115-volt, 60-cps power source; offers 
conjunction with external oscillator, voltage adjustment range of 2 to 36 
volts. Voltage regulation is +0.5 per 
cent, ripple is 1 per cent rms. Di- 
mensions are 1384 x 1754 x 1534 in. 
Christie Electric Corp., 3410 W. 67 
St.. Los Angeles 43. 
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TEMPERATURE AND 
HUMIDITY CHAMBER 


Test chamber is available in 2, 4 and 
8 cu ft sizes, allows temperature 








plotter provides traced impedance in- 
formation. For permanent records, an 
X-Y recorder can be added to the 
system. Unit is rack mounted or in 
portable form. Alford Manufacturing 
Co., 299 Atlantic Ave., Boston, Mass. 
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TIME-DELAY STANDARD 


Continuously variable delay is suitable 
for use as delay-line calibrator, or 
can measure time delays of networks. 
Input voltage is 500 volts, bandwidth 





ELECTRO-TECHNOLOGY 





TODAY’S BEST 
SLIDE SWITCH BUY... 


..- for Economy — Style —- Convenience — Circuit Versatility 


Write for Stackpole Slide Switch Bulletin 


SCHEMATIC 
HB rosiion 1 [7] position 2 


Lung POSITION 3; 


MEDIUM-DUTY TYPES 


DP-DT 
Spring-Return, No detent 
$$-15 “5 “TT -- 
Pushbutton, Momentary, No detent te 
$$-32 +4, W SOD 
Maintained, With detent 
$P-ST A 
Maintained, With detent 
DP-DT 
Maintained, With detent 


3-AMPERE TYPES (2."'. 


SP-DT 
Spring-Return, No detent 


4-POSITION 

Maintained, With detent Toane eee 

S$P-DT 59 0.75 
Spring-Return Plunger, No detent 
DP-DT 
$$ Mee ||| 

3, Wi 5R9 TVD aia 

Maintained, With detent 


6-AMPERE TYPES 


3-POSITION 
Maintained, With detent 
SP-ST 
Maintained, With detent 
SP-DT = 
Maintained, With detent 


Electronic Components Division 
STACKPOLE CARBON COMPANY 
St. Marys, Pennsylvania 
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INVESTIGATE = 
then Insulate with 


Ala 


Vinyl-Coated 
Fiberglas 
Sleeving 


/ 
FoF Class A and B 





a You can rely on tested-approved Varflo for 
/ all your Class A and B insulating requirements. 
| With its superior properties of high dielectric 

/ strength, flexibility, heat- and flame-resistance, 
Varflo will meet the most exacting specifica- 
tions, including MIL-I-21557 and MIL-I-3190. 


ON-THE-SHELF: Varflo is economical . . . streamlines 
and saves on inventory, meeting both Class A and 
B needs at the Class A price... has long shelf life 
with no deterioration. Why stock two when one will 
do? Varflo! 


ON-THE-JOB: Varflo is dependable . . . withstands 
hundreds of hours at 300°F . . . resists water, alkalis, 
mild acids, oil and grease . . . stands up to abrasion, 
vibration and “after-treating” baking and varnishing 
... has excellent heat-aging qualities. Why specify 
two when one will do? Varflo! 


Available in 10 colors; in coils, spools, 36” lengths 
or short pieces; all of precise uniformity, end to end. 
Sizes .010” to 6” ID. 


SEND FOR FREE FOLDER containing Varflo test 
sample and results of laboratory performance 


ratings. 





Manvfacturers of Electrical Insulating Tubing and Sleeving * 504 W. Court St., Rome, N.Y. 
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6 SEC. 


FLAME RESISTANT—wil!l not 
support combustion. Varflo 
is self-extinguishing—in less 
than 6 seconds after removal 
from flame. 


<p e 


iy 


MORE STABLE—retains di- 
electric value when pulled 
back during soldering, etc. 





CORPORATION 
“Never Satisfied Until You Are.” 





ranges of —100 to +400 F; humidity 
20 to 95 per cent. Illustrated model 
has illuminated stainless steel chamber 
affording test area of a 14-in. cube. 
Even temperature assured by means 
of air circulator, with fin-coil evapo- 
rator. Optional features include termi- 
nals, ports and programming con- 
trollers. Cincinnati Sub-Zero Products, 
3930 Reading Rd., Cincinnati 29, Ohio. 

Circle 625 on Inquiry Card 


VOLTAGE AND 
PHASE INDICATOR 


Comparator measures in-phase and 
quadrature voltage components, har- 
monic content and noise in a-c signals 


© 
0: ie 
a * @® » * 
we , 
ait) Se) 28 


7h é 


over 380 to 420 cps range. Readings 
are relative to reference voltage. In- 
phase error is less than 0.1 per cent of 
max reading per range. Features inte- 
gral power supply. Autonetics Indus- 
trial Products, 3400 E. 70 St., Long 
Beach, Calif. 
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SWEEP OSCILLATOR 


Model 860-B covers 2 to 215 me in 
12 bands. Output, 1 volt rms. Sweep 
width, to 30 me. Sweep rate, con- 





tinuously variable 10 to 40 cps, locks 
to line frequency. Sweep output, 
regular sawtooth, synchronized with 
sweeping oscillator. Dimensions, 9¥ 
in. x 19% in. x 13 in. Weight, 34 Ib. 
Kay Electric Co., Dept. EM, 14 Maple 
Ave., Pine Brook, N.J. 
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VIBRATION PROBE 


Velocity probe with moving weight of 
0.1 gram has output of 6 mv/in./sec 
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miniature 
THERMAL time delay 
RELAY 


* In 100 


~ @ Rugged, high strength bakelite housing 
ots 


@ Simplifies circuitry . . . cuts costs 


Call or 
Write 


@ Eliminates costly magnetic relays 


RATED: 100 milliamps to 10 amps 


Up to 115 V a-c 


PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave. « Chicago 46, Ill. 
Kildare 5-1553 


E-T-A PRODUCTS OF CANADA, LTD. 
265 Craig St. West - Montreal |, Que. 
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¢ NOW 500 WATTS TO 1,000 KVA. 
¢ ADAPTABLE TO ANY 
INDUSTRIAL ENGINE 
with SAE Bell Housing. 


New 
500 
KVA, 


size frame for 
KVA to 1,000 


Uniform quality a- 
chieved by constant 
checks throughout pro- 
duction. 


Long life assured be- 
cause KATO Generator 
design and capacity 
allow for characterist- 
ics beyond normal re- 
quirements. 


CSA Approved. a 


i GENERATORS 
in some sizes. 


500 KW 
GENERATOR 
Complete with all 
controls coup- 
the 
your 


lings for 
engine of 
choice. 


KATO- MOTOR 
_—_, GENERATORS 


TO CHANGE FREQUENCY, 
VOLTAGE AND PHASE. 
Output frequencies either fixed or 
variable in various frequency ranges 
from 25 cycles up to 1200 cycles. 


ALSO HIGH FREQUENCY GENERATORS, 
D.C. GENERATORS, ROTARY CONVERTERS, 
WRITE FOR DETAILS! POWER CONVERTING SYSTEMS. 
128 Maxfield Ave. 


KATO fcgincering Gmpany Srovrto! inn. 


Builders of Fine Rotating Electrical Machinery Since 1928! 
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QUENCHING 


Electrical Moldings 


ROSITE 
No. 3250 


Here's dramatic proof of the benefits that are 
available to users of new hot-molded ROSITE. 
The snuffing head above carries a shorting bar 
for closing stab type switch blades. By using 
ROSITE, the manufacturer substituted a single 
molded part for a 10-piece assembly. The savings 
were obvious and the new ROSITE molding had 
ee and are quenching qualities 
as well. 


SIZE REDUCTIONS — ROSITE hot-mold 
compounds can offer size reductions because they 
possess non-tracking ... arc-quenching qualities 
which make smaller ROSITE parts do a better 
job than larger assemblies or moldings. A real 
boon to designers! 


ECONOMICAL — Save on size, weight and cost. 
Send us your drawings, let us study your prob- 
lem. Then we can quote to show how ROSITE 
does a better job for less. Do it today for your 
products’ sake! 


** **PATENTED— ROSITE’S new 
hot-mold No.3250 incorporates 

| a patented arc-quenching 
| characteristic. This is a new 
dimension in hot mold com- 

| pounds, now making it possi- 

| ble for Rostone Corporation 
| to offer the same properties 
! 


-. 


SEND FOR 
NEW 
CATALOG 


that have made ROSITE cold 
moldings the standard for 
quality electrical parts. 


2405 $. Concord Road, Lafayette, Indiana 
For Canadian requirements contact 
Electro Porcelain Ltd., Kitchener, Ontario 
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BALANCE” 
CT La) 


rn IN FHP 
EARMOTOR ag AG 


Blanes 
Me Tea 





Performance Balance is the perfect mating of Merkle-Korff motor and 
gearing to your specific application. It prevents money waste and 
equipment damage through overpowering, and eliminates operating 
failures due to occasional low voltages and the many hidden hazards 
of underpowering. Either, or both, the result of ‘““underknowledge” of 
the drive system by a gearmotor manufacturer. 

Merkle-Korff's total understanding based upon 50 years of experi- 
ence in supplying the right power unit for any given job is available to 
you. We will, and do, develop and manufacture gearmotors designed 
to your individual requirements, not only to perform satisfactorily, but 
to do so at lowest cost. Merkle-Korff service is unique in this respect. 

Performance Balance, therefore, is not just a play on words. It is 
your guarantee of on-the-job performance and dependability. Thou- 
sands of cases exist proving the worth of Performance Balancing. 


Literature is available. Better still, send us your drawings or product 
sample so our Applications Engineers can give you a complete evalua- 
tion of motor and entire drive system! There is no obligation. 


=. MERKLE-KORFF GEAR CO. 


211 NORTH MORGAN STREET - CHICAGO 7. ILLINOIS + MOnroe 6-1900 
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with 40-ohm coil free to travel over %g¢ 
in. double amplitude. Output may be 
fed directly to high-gain scope. Has 
been used at frequencies from 5 to 
several thousand cps. Useful for meas- 
urements in hard-to-reach spots and 
dynamic balancing applications. Dy- 
namic Devices, Dayton, Ohio. 
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IMAGE CONVERTER CAMERA 


Camera records high-speed luminous 
transient events encountered in plasma 
physics, chemical kinetics and_high- 


Y 





velocity experiments. Photograph ex- 
posure time varies from 3 to 200 nano- 
sec. Streak photographs are possible 
at speeds of 4 to 1000 mm per sec. 
Capable of % to 20 million exposures 
per sec. Space Technology Labs, Inc., 
8929 So. Sepulveda Blvd., Los Angeles. 
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R-F CALIBRATION TEST SET 


Model 1223 calibrator 
crystal-controlled sources for 
calibration of r-f measuring 
equipment. Output power variable in 


contains. six 
power 
power 





six increments from 5 to 125 watts. 
Frequency stability is +0.01 per cent. 
Frequencies are adjustable to +5 per 
cent of nominal values. Accuracy is +1 
per cent when used with laboratory 
Sierra Electronic Div., 
Menlo 


potentiometer. 
Philco, 3885 Bohannon Drive, 
Park, Calif. 
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See Product Index for this issue 
on page 290 
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electrical porcelain 


Built to your Drawings and Specifications 
SEND US YOUR INQUIRIES 


2725 CORY AVE., AKRON 14, OHIO 
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ie 1/4 10 1/2 HP. 

rR 1725 RPM, 115 V. 

egeec® CONTINUOUS DUTY 
DRIPPROOF 

NEMA 56 FRAME 


Large Stock — Low Prices 


Precision, built-to-last Dayton brand for the growing 
market that prefers Nema 56 frame size split phase 
motors. Universally used on appliances, fans, blowers, 
coolers, tools, pumps and similar moderate torque, 
continuous-duty applications. All-angle mounting, high 
load carrying capacity sleeve bearings. Shaft height, 
312’. Resilient or rigid mounted. Automatic overload 
models. Available at 68 Grainger Warehouses from stock 
—at prices that will more than please you. 


Write for Bulletin 208, Wholesale Catalog, and 0.E.M. Deal 
68 WAREHOUSES COAST-TO-COAST 


WW CJRAINGER INC. 


DEPT. 251-A,118 S. OAKLEY BLVD. CHICAGO 12 
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HEAVY-DUTY 


. 


For motor 
loads 


2 HP 250 v.a-c 
1 HP 125 v.a-c 


For heater loads 
20 amperes 125/250/480 v.a-c 


For lamp loads 
10 amperes 125 v.a-c 
(tungsten-filament) 
UL listing. 


KLBP-RH 


KLBC-RH 
Mechanical 


Features 

Sturdy die-cast housing 

with threaded hub 

Right- or left-hand mounting 


Removable, 
“O”-ring-sealed cover 
with captive attachment 
Screws 


All wiring connections made 
with switch outside housing 


Sealed actuators 


Adjustable roller-arm or 
hand-operated actuators 


Roller-plunger actuators 


Write for Bulletin B-30 
that gives details and useful 
application data. 


<5! 
_ 
UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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1001 Ways 

to 

Machine 
Laminated Plastics 





An Example of 


Synthane You-shaped Versatility 


There are many fast, economical ways to 
machine laminated plastics—if you have the 
equipment to do the job. We have! Synthane 
is just about tops in U. S. for plastics fabrica- 
tion. That’s our business. We have all the 
standard tools plus many machines designed 
especially for the fabrication of laminated 
plastics. Why bother to improvise when we 
have what it takes to do the job—quickly 
and economically. 


You-shaped Versatility makes Synthane a Better Buy in Laminates 





Synthane Corporation, 17 River Rd., Oaks, Pa. 


Gentiemen: 
Please send me information regarding the facilities of Syn- 
thane for fabricating laminated plastic 


Address. 


a 


= 
| | 
| ! 
| | 
| | 
| l 
| UU I 
! | 
| | 
| | 
! | 
L ‘ 
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TROMBETTA SOLENOID CORP 


MILWAUKEE WISCONSIN 


U.S.A 
329 N. Milwaukee Street ¢ Phone BRoadway 1-8347 


SOLENOIDS 


P-300 Pull Type @ 9-300 Push Type 


Give Same Performance for ALL 
Frequencies and Voltages @ AC or DC! 


SOLENOIDS HAVING THE SAME CHARACTER- 
ISTICS FOR ALL VOLTAGES AND FREQUEN- 
CIES: Only Trombetta Solenoids have the same pull 
and pull characteristics for all frequencies, voltages, 
and DC!!! If you design a machine around a 60 cycle 
solenoid, you do not have to change solenoids for 25 
cycle operation, or any other frequency. This property, 
found exclusively in Trombetta Solenoids, can mean 
tremendous saving in time and money for you. 





DC-400 LBS. 


AC-110 LBS.; 





P-334 SOLENOID 5” STR. 
ALL AT 85% VOLTAGE 


PULL: 


P-300 
PULL TYPE 


REVISION OF NOMENCLATURE: To avoid con- 
fusion the F-300 line of pull and push type Solenoids 
has been divided into the P-300 line of pull type and 
Q-300 line of push type Solenoids. 
RE-RATING OF SOLENOID FOR DC OPERA- 
TION: P-300 and Q-300 lines of Solenoids for DC 
operation are now rated from 1 Ib. to 400 lbs., instead 
of ¥% lb. to 100 lbs. which was the rating of the F-300 
line of Solenoids. 

Ps __|P-300 & 9-300 AC | P-300 & 9-300 DC 
Pull rating at 85% voltage | %4lb.tollOlbs. | 1 tb. to 400 Ibs. 




















Voltage _All voltages up to 750 volts “= 
Frequency All frequencies from 16% to 6624 
Stroke a __ 5" stroke to 5” stroke 

wa 9-300 

a PUSH TYPE 
ess 
at < 
s Oe 
ZnS 
ee” 
one 
asy< 
=<4 
ad oo 
ox< 

nN 

z 

ALSO COMPLETE LINES OF 

© AL-800 Long Stroke Solenoids ALSO NA-700 Short Stroke Solenoids 
© AS-400 High Speed Solenoids which are interchangeable with 
© P-100 Pure Direct C National Acme Solenoids 2 

—- urrent ALSO the G-200 line of Solenoids 

olenoids which are interchangeable with 


General Electric Co. Solenoids 


“TROMBETTA” 


is the answer to ALL SOLENOID QUESTIONS 


IN 1924 MR. TROMBETTA GAVE THE WORLD 
THE COMMERCIAL SOLENOID 
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Now! End Cord and 
. Cable pete here 


GRIPMASTER 


‘\ STRAIN 
RELIEFS 


© Permanently anchor ji 4 
exterior conductors ie 


© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 
of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 
7 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


— Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


4,8;! 


CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 


cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 
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RELAY 
PROBLEMS? | 
BRING 
THEM 


A few varieties of Wheelock relays: | 


GENERAL PURPOSE INDUSTRIAL SERIES 130, 


140. Extremely versatile with 20 ampere con- 7 
tacts. Wide variety of mountings and terminal © 
connections. Two-pole, double-throw. 20 million 7 = 
operating life. Supplied with screw connections, | 


quick-connect terminals or plug-in base with 


or without DPDT auxiliary contacts (5 amps. 7 


rating). Dust cover optional. Meets U.L. 
requirements. 

TUBULAR SERIES 120. For commercial and mili- 
tary use. SPDT 2 amp. contact. DC coil. De- 
signed for printed circuitry, clip mounting, 
encapsulation, harness mounting. Hermetically 
sealed. Military version-high immunity to shock, 


vibration and temperature cycling. Dropout at = 
up to 75 per cent of pull-in current. 1” x a 
Y2" sizes available. Meets MIL-R-25018 and 7 


MIL-R-5757C. 


WIRE CONTACT, PLUG-IN SERIES 220, 221, 222. i: 


In 4, 6 and 12 pole models. Socket designed 
for quick taper pin connection. Long life: 400 
million operations at 3 amps. on contacts 
where load is not switched. These high speed 
units are precision made for all light-current 
switching uses, Rated at 0.5 amps. resistive at 
28 V DC and 115 V AC. ideal for electronic 
circuits because of small size and low inertia. 
Coils: 6 to 115 V DC only. 


10 AMPERE SERIES 200. Military. Resistant to : i 


shock, moisture, vibration, temperature to meet 


every challenge of space. Withstands shock and " 
sustained acceleration at 50G, and vibration of |) 


30G up to 2000 cps. Tested life in excess of 
150,000 operations at 10 amps., 26.5 V DC, or 
115 V AC at 125°C. All welded. Hermetically 
sealed. Meets or exceeds MIL-R-25018 and 
MIL-R-5757C. 

GENERAL PURPOSE SERIES 10, 20. Multiple 
arm, up to 16 springs, superior shock and vi- 
bration resistance. As keying relay, it responds 
faithfully to DC impulses up to 50 per second. 
5 amp. contacts. Long life and high operating 


stability. Available hermetically sealed to meet © 


military specs. 


More than 40 years of 
relay experience — 
research, development, 
production — is ready 
to go to work for you 
on your relay 
applications. Wheelock 
produces a wide range 
of standard relay types 
— power and 
miniaturized, open 

and closed, plug-in and 
hermetically sealed, 
single and multiple 
pole, commercial and 
military. 


CK 


Size: 


D342" X 2”H X 2%e" W 


ae 


Size: 
1%” L X "Dia. 


Size: 


F1%"L X 142" X 56"W 


Size: 
1”L X 1%4”"H KX 3#e”"W 


Size: 


“ 2Y]"L X Lhe" H K1%6"W 


Inquiries on your special relay problems are invited. Catalog litera- 
ture on the relays described here will be mailed on request. 


Telephone: CApital 2-6880 


TWX LG-BR 684-U 


SIGNALS 


DID LONG BRANCH, N. J. 
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Components, parts and materials described in this issue’s editorial and advertising pages. 


Key: page number only indicates advertisement; letter “e’’ with page number indicates editorial mention. 


COMPONENTS, 
ELECTRICAL / ELECTRONIC 


Brakes—206 


Capacitors—16, 47, 65, 
200e, 224e, 226, 232e, 234e 
238e, 248e, 

Contact devices 


Brushes and brush bholders— 
38, 193 


Contacts and contact points— 
s1 252 


Slip rings—222, 280e 


Control systems—188e, 190e, 194e, 
208e, 233, 25Ge, 26le 


Cooling equipment—246e 
Counters—190e, 194e 


Electron tubes 
Counting—247 
Glow lamps—218, 276e 
Power—194e 
Trigger—240e 
Fans and blowers—208e, 266e 
Filters—207e 
Heating elements—192e, 218e 


Inductors—74 


Lights, indicator—192e, 198e, 
232e, 263 
Magnetic amplifiers—242e 


Magnetic components 
Bobbins and core boxes—266 
Coils and windings—267 


Cores—tinside front 
264, 293 


Laminations—224 


cover, 46, 


Permanent magnets—241, 269 
Meters, panel—244 

Meter protector—19le 
Microwave devices—194e, 


252e, 25G6e, 260e, 
266e, 274e, 276e 


212e, 
26le, 264e, 


Porentiometrers—220e, 240e, 250e 


Printed circuits—224e, 228e, 250e, 
Protective devices 
Circuit 
276e 
Fuses—199 
Overspeed—224 


breakers—243, 245e, 


Reactors 


Relays 


General purpose—170, 178, 
210e, 219, 248e, 274, 
289 

Industrial—165, 227 

Mercury—220e 


Miniature—49, 178, 218e, 222e 
Special—54, 208e, 215, 264, 
265, 266e, 278e, 289 
Time delay—219, 248, 268, 
281, 285 
Resistors—58, 197e, 198e, 214 


Seals and termina's, 
161, 173, 211 


hermetic- 


290 


Semiconductor devices 
Controlled rectifier—230, 291 
Noise generator—278e 


Rectifiers and diodes—31, 192e, 
205, 207e, 216e 

T hermistors—207e 

Transistors—2}3, 31, 43, 63, 69, 
159, 169, 198e, 207e, 208e, 
213, 226, 244e, 251, 255 

V aristors—72 


Servo components—233, 268e 


Solenoids—194, 267, 288, 292 


Solid-state display panel—164e 
Spark gaps—272e 
Static switching elements—252e 


Switches 
Controllers and contactors—A\, 
61, 165, 196, 204e, 242e, 268 
Foot—41 
Limit—41 
277, 287 
Pressure—198e 
Proximity—210 
Pushbutton—\7, 
238e, 263 
Rotary—214e, 263 
Slide—185, 283 
Snap action—39, 177, 188e 
Stepping—229 
Toggle—192e, 263 


197e, 220e, 221, 


41, 192e, 204e, 


Telephone handset cradles—254 


Timers—G67, 194e, 279, 280, 294 


Transducers 
Acceleration—222e 
Thermostats—188e, 22Ge, 242e, 
260e 


Torque—21G6e 


Transforme-s—74, 147e, 
228e, 254e 


19le, 


Valves, solenoid—188e, 204e 
Vo'tage regulators—154e 


Wire and cab'e—59, 19le, 198e, 
218e, 225 
Hookup—59 
Magnet—5, 29, 42, 
Power—59 
Ribbon—207e 


188e, 208 


Wiring devices 

Cable clamps and clips 
264e 

Connectors—Inside back cover, 
4, 26, $1, 209, 212e, 226e, 
232e, 245e, 265 

Cord grips—289 

Cord sets—59, 66, 189, 200 

Grommets—176 

Patching panels—175 

Plugs and jacks—222e 

Terminals—269, 273 

Terminal blocks—240e, 281 


212e, 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Bearings—201, 204e, 273 
Counters—222 


Couplings—32, 188e 


Differentials—184, 245e 


Fasteners 
Bolts and nuts—246e 
uick-operating—188e, 190e 
crews—273 


Gears—53, 246 


Housings and enclocures—197e, 
212e, 222e, 256, 272 


Knobs, handles—19le, 267, 275 
Plastics parts—222e 

Rings, retainer—197e, 21G6e 
Seals and gaskets—188e 


Universal joints—207e 


COMPUTERS AND 
COMPUTING COMPONENTS 


Converters—256e 

Decade counters—74 
Flip-flops and gates—230e 
Memory units—230e, 244e 


Readout devices—162e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Chart paper—73 
Drawing machines—188e 
Reproduction machines—179 


DRIVES 
Electrical—240, 271 


Mechanical 
Constant speed—234e, 278e 
Variable speed—231, 238e, 266 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—268e, 274e 
Calculations—228 
Environmental chambers—282e 


Generators, electronic—15G6e, 174, 
22G6e, 244e, 248e, 282e, 284e 


Meters—190e, 19le, 192e, 197e, 
203, 260 

Oscilloscopes—1, 21 

Power supplies—157, 174, 188e, 
190e, 21l4e, 216, 235, 254e, 
272e, 282, 282e 


Recorders—197e, 237, 282e 
Shock and vibration—90e, 210e, 
284e 


Special test equipment—190e, 
19le, 192e, 194e, 197e, 234, 
278, 282e, 284e, 286e 


Tachometers—192e, 232, 268e 


Thermometers—36, 230e 


MATERIALS, 
ELECTRICAL / ELECTRONIC 


Conductive materials—210e, 217 


Insulation and dielectrics 

Casting resins—57, 188e, 194e, 
234e, 249 

Ceramics and glass—192e, 220 

Fabricated barts—(see: Services) 

Fabrics—220 

Fiber—56 257 

Foams—198e 


Laminates—48, 190e, 191, 
198e, 204e, 288 

Mica—163 

Molding compounds—25, 64, 


188e, 190e, 194e, 204e, 285 
Tape—238, 240 : 
Tubing—213, 272e, 278e, 284 
V arnishes—186 

Magnetic materials 
‘lectrical steel—60 


Plasticizers—167 
Silicones—187, 188e 
Solder and flux—252e 
Thin-film alloys—246e 


Wire and cable—(see: Compo- 
nents, Electrical/Electronic ) 


MATERIALS, 
MECHANICAL / STRUCTURAL 


277 


Adhesives—26le, 2 


Fabricated parts—(see: Services) 


Metal forms 
W ire—197e 

Metals 
Alloys, general—\5 
Copper, brass, bronze—21 
— 
Ti 


n—232 


Non-metallic materials 
Felt—33 
Polishes—197e 


MOTORS AND GENERATORS 


Fractional-hp motors—2, 8, 19, 
27, 35, 45, 68, 239, 250e 254, 
259, 260, 262, 275, 281, 287 


Gearmotors—2, 35, 68, 194, 253, 


254, 281 


Generators—25, 35, 
286 


Integral-hp motors—8, 194e, 259, 
261, 274e 


Precision—Back cover, 35, 245 
Special—27, 45, 68, 19le, 250e 


Synchronous motors—35 


155e, 285, 


PRODUCTION EQUIPMENT, 
TOOLS 

Coil winding—188e, 198, 279 
Lacing tape—210 

Layout fluid—277 

Marking devices—198 
Processing equipment—19le 
269, 273, 276 





Wiring machines 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramics fabrication—50, 72, 252, 
a7 


Coil winding—269 
Metal fabrication—197, 254e, 272 


Plastics fabrication—260, 272 


SERVICES, MISCELLANEOUS 


Employment—13, 20, 171, 244, 
261 


Transportation— 30 
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‘Tra ngitron 


SILICON 


CONTROLLED 
RECTIFIERS 












augmenting the 


With the addition of the 50-Amp Silicon TSW 
Controlled Rectifier, Transitron now TCR; 
offers the industry the broadest line of ‘ 

Controlled Rectifiers available on the bbe 
market today N16 
Research and development efforts TCR5 
during the past year have already pro welt 
duced an impressive array of types ‘ 

which include the following series TCR5 


industry’s broadest line 


1S SERIES (TO-18 package).......operating current range t 
51 SERIES (TO-5 package) Operating current range to 1 amp 
5 SERIES (TO-5 package)......)... operating current range to 1 
0 SERIES (7 16” hex package).'..operating current range to 
05 SERIES (/ hex package)...operating current range to! 
110 SERIES (11/16" hex package) operating current range to 10 
) SERIES (11/16” hex package) operating current range to 20 


NOW AVAILABLE — NEW 50-AMP CONTROLLED RECTIFIER 


The latest addition to the Transitron line 
— the 50 Amp Silicon Controlled Rectifier 
— is a three-terminal, four-layer device de- 
signed to control very large load currents 
with small gate current signals. A mechan- 
ically rugged and electrically stable device, 
the new Controlled Rectifier is provided in 
the 1%.” hex base stud-mounted package 
and is hermetically sealed. Wherever high 
power handling ability is required, the 
50-Amp Silicon Controlled Rectifier will 
find wide application ranging from fre- 
quency changing to welding control. 


TCR550 SERIES (1 Ye” hex package) 
operating current range to 50 amps 


Min. Peak 
Reverse Voit. Max. Average 
nd Forward 
Current 


at 90°C case 


a 
Min. Forward 
Breakover Volt. Package 


Configuration 


Requires 50mA to turn on 50 Amp 


For information on any or all of Transitron’s line of Controlled Rectifiers, 
call or write today for Bulletin TE-1356. 


THE 
BIASING 


OF SILICON 
CONTROLLED 
RECTIFIERS 


WHY BIAS 
CONTROLLED 
RECTIFIERS? 


Pioneering in new application techniques, Transitron applica- 
tion engineers have assembled information which demon- 
strates how “gate biasing” will improve the circuit reliability 
of the SCR. This informative booklet, entitled “The Biasing 
of Silicon Controlled Rectifiers and Switches,’ deals indi- 
vidually with each of Transitron’s Controlled Rectifiers and 
Switches. It is an indispensable aid to the design engineer 
seeking longer life and greater stability in higher temperature 
applications . . . It’s yours for the asking. 
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Hi-Powered 


Personalities 


with a compulsive will to work! 





Alternating Current 


SOLENOIDS 


One thing users know about B/W Hi-Power Solen- 
oids is that they seem to thrive on work—and 
the more the merrier! Whether you want ‘em to 
push or pull, continuously or intermittently, they're 
always on the job. Take great delight, as a matter 
of fact, in their ability to convert electrical en- 
ergy into a constant mechanical force. And that, 
no doubt, is one good reason why they live so long. 


(0 So next time you need solenoids—to control 
valves, operate brakes, stake parts or do any 
one of countless other useful, force-full jobs, 
you'll do well to specify B/W Hi-Power Solenoids. 


Other Reliable B/W Electrical Control Components 





Magnetic Starters & 
Combination Starters 


Induction Type & 
Electronic Relays 





Magnetic Contactors, 
Reversing Contactors 


Custom Engineered 
Control Panels 


Complete technical data available upon request —write today! 


CONTROLLER) 
vane ii CORPORATION. 


2200 E. MAPLE ROAD * BIRMINGHAM, MICHIGAN 
Monvfacturers of Liquid Level ond Industrial Motor Controls 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


DYNACOR 


DYNACOR, 
A SUBSIDIARY OF SPRAGUE ELECTRIC 
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ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and _  advertise- 
ments have been assigned a key 
number; corresponding numbers ap- 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 
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e ADVERTISED PRODUCTS 


For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver- 



















tisement. 
e REPRINTS OF EDITORIAL 
FEATURES 
Article reprints available without 
Whether an interval is a month or a microsecond, you can measure charge are listed on page 180. 
i p “ For Science & Engineering re- 
it, divide it, record it, or use it for control with an A. W. Haydon prints, see Order Form on page 
: ‘ ; 183 
Company custom-designed or standard timer. Every type, every ° : 
ney eeeet Ty the, every "1. NEW LITERATURE 
size, every class ...timing motors, time delay relays, interval timers, Latest catalog and bulletin offer- 
» repeat cycle timers... you name it, we make it. If you ever have a ings start on page 188 
e NEW COMPONENTS AND 
specific timing problem, the least you can do for yourself is get our MATERIALS 
- literature. In fact, why not send for our Bulletin on the 14100 Series ote ga Ad 2 204 developments 
DC Motor (above) right now. This two-ounce sub-miniature 





Cards will be processed by Pub- 
DC Timing Motor is less than I” in diameter, 13%” long. Used to lisher if received by July 1, 1961 


drive @ miniature tape recorder in the Vanguard II weather satel- 
lite ( expected to remain in orbit 
for 200 years), it represents the 
high capability of The A.W. Hay- 
_don ‘Company in timing devices. 223 North ah Waterbury, Connecticut ’ 
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ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 
102 134 166 198 230 262 294 326 
103 135 199 263 295 327 
104 136 200 264 296 328 
105 265 329 362 395 428 461 


NEW COMPONENTS NEW LITERATURE e32 
520 539 558 577 7536 775 794 813 833 
521 540 559 578 757 776 795 814 834 
522 541 560 579 758 777 796 815 835 
523 542 561 580 759 778 816 836 
524 543 562 581 760 779 817 837 
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106 138 170 202 234 266 298 330 363 396 429 462 525 544 563 761 780 818 
107 139 171 203 235 267 299 331 364 397 430 463 526 545 564 583 762 781 819 
108 140 172 204 236 268 300 332 355 398 431 464 527 546 565 584 763 782 820 
108 141 173 205 237 269 301 333 366 399 432 465 528 547 566 585 764 783 821 
110 142 174 206 238 270 302 334 367 400 433 466 529 548 586 784 822 
111 143 175 207 239 271 303 335 368 401 434 467 530 549 568 766 823 
112 144 176 208 240 272 304 336 369 402 435 468 531 550 588 786 824 
113 145 177 209 241 273 305 337 370 403 436 469 532 589 768 825 
306 533 590 826 
307 534 827 
308 535 828 
309 536 829 


537 
538 
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902 904 906 
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ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 
102 134 166 198 230 262 294 326 
103 167 199 263 295 327 
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NEW COMPONENTS 
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522 541 560 579 
523 542 561 580 
524 543 562 581 
506 525 544 563 582 602 622 642 662 682 702 722 742 
507 526 545 564 583 603 623 643 663 683 703 723 743 
546 


NEW LITERATURE 932 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 
759 778 797 816 
760 779 817 
761 780 818 
762 781 819 
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108 140 172 204 236 268 300 332 365 431 464 | 508 527 565 584 604 624 644 664 684 704 724 744 | 763 782 820 
109 141 173 205 237 269 301 333 366 432 465 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802. 821 
110 142 174 206 238 270 302 334 367 433 466 529 548 586 765 784 822 
111 143 175 207 239 271 303 335 368 434 467 530 549 766 823 
112 144 176 208 240 272 304 336 369 435 468 531 550 588 786 824 
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DVERTISED PRODUCTS OR SERVICES 357 390 423 456 | NEW COMPONENTS NEW LITERATURE 32 


01 133 165 197 229 261 293 325 358 391 424 457 | 501 520 539 558 577 756 775 794 813 833 
02 134 166 198 230 262 294 326 359 392 425 458 521 540 559 578 757 776 795 814 834 
03 135 167 199 231 263 295 327 360 393 426 459 522 541 560 579 758 777 796 815 835 
D4 136 168 200 232 264 296 328 361 394 427 460 523 542 561 580 759 778 816 
D5 137 169 201 233 265 297 329 362 395 428 461 524 543 581 760 779 798 817 
D6 138 170 202 234 266 298 330 363 396 429 462 525 544 582 761 780 799 818 
97 139 171 203 235 267 299 331 364 397 430 463 526 545 583 762 781 800 819 
08 140 172 204 236 268 300 332 365 398 431 464 527 546 584 763 782 801 820 


D9 141 173 205 237 269 301 333 366 399 432 465 528 547 764 783 802. 821 
10 142 174 206 238 270 302 334 367 400 433 466 529 548 765 784 803 822 
11 143 175 207 239 271 303 335 368 401 434 467 530 549 766 804 
12 144 176 208 240 272 304 336 369 402 435 468 531 767 
13 145 177 209 241 273 305 337 370 403 436 469 768 
14 146 178 210 242 274 306 338 371 404 437 470 769 
5 147 179 211 243 275 307 339 372 405 438 471 770 
16 148 180 212 244 276 308 340 373 406 439 472 771 
17 149 181 213 245 277 309 341 374 407 440 473 772 
18 150 182 214 246 278 310 342 375 408 441 474 773 
19 151 183 215 247 278 311 343 376 409 442 475 774 
0 152 184 216 248 280 312 344 377 410 443 476 REPRINTS 907 
1 153 185 217 249 281 313 345 378 411 444 477 

901 903 905 908 
2 154 186 218 250 282 314 346 379 412 445 478 
3 155 187 219 251 283 315 347 380 413 446 479 vere aloo 
4 156 188 220 252 284 316 348 381 414 447 480 
5 157 189 221 253 285 317 349 382 415 448 481 
6 158 190 222 254 286 318 350 383 416 449 482 
7 159 191 223 255 287 319 351 384 WH oe i OR recat 
8 160 192 224 256 288 320 352 385 
9 161 193 225 257 289 321 353 386 Company 
0 162 194 226 258 290 322 354 387 
1 163 195 227 259 291 323 355 388 
32 164 196 228 260 292 324 356 389 
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DVERTISED PRODUCTS OR SERVICES NEW COMPONENTS NEW LITERATURE 
11 133 165 197 229 261 293 325 358 391 424 457 | 501 520 539 558 577 756 775 794 813 
12 134 166 198 230 262 294 326 359 392 425 458 | 502 521 540 559 578 757 776 795 814 
33 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 560 579 758 777 796 815 
4 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 759 778 797 816 
95 137 169 201 233 265 297 329 362 395 428 461 | 505 524 543 562 581 760 779 798 817 
16 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 761 780 799 818 
17 139 171 203 235 267 299 331 364 397 430 463 | 507 526 545 564 583 762 781 800 819 
08 140 172 204.236 268 300 332 365 398 431 464 | 508 527 546 565 584 763 782 820 
19 141 173 205 237 269 301 333 366 399 432 465 | 509 528 547 566 585 764 783 821 
10 142 174 206 238 270 302 334 367 400 433 466 | 510 529 548 567 586 765 784 822 
11 143 175 207 239 271 303 335 368 401 434 467 | 511 530 549 568 587 766 823 
12 144 176 208 240 272 304 336 369 402 435 468 | 512 531 550 569 588 767 824 
i3 145 177 209 241 273 305 337 370 403 436 469 | 513 532 589 768 825 
14 146 178 210 242 274 306 338 371 404 437 470 | 514 533 590 769 826 
1S 147 179 211 243 275 307 339 372 405 438 471 | 515 534 591 770 

16 148 180 212 244 276 308 340 373 406 439 472 | 516 535 592 . 771 

17 149 181 213 245 277 309 341 374 407 440 473 | 517 536 593 772 

18 150 i182 214 246 278 310 342 375 408 441 474 | 518 537 594 773 

19 151 183 215 247 279 311 343 376 409 442 475 | 519 538 595 774 


20 152 184 216 248 280 312 344 377 410 443 476 REPRINTS 
21 153 185 217 249 281 313 345 378 411 444 477 
22 154 186 218 250 282 314 346 379 412 445 478 
23 155 187 219 251 283 315 347 380 413 446 479 
24 156 188 220 252 284 316 348 381 414 447 480 
25 157 189 221 253 285 317 349 382 415 448 481 


901 903 905 
902 904 906 














96 158 190 222 254 286 318 350 383 416 449 482 intieneet 

27 159 191 223 255 287 319 351 384 417 450 483 Title Dept. or Div. 
28 160 192 224 256 288 320 352 3865 418 451 484 

29 161 193 225 257 289 321 353 386 419 452 485 Company 

30 162 194 226 258 290 322 354 387 420 453 486 Sacean City ‘Sion State 


31 163 195 227 259 291 323 355 388 421 454 487 
32 164 196 228 260 292 324 356 389 422 455 488 
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C() AX reliable solderless contacts 
result in dramatic 


| ' reduction of 
installation time 


CONTACTS 


wide application—all with snap-locked removable contacts 


z 
ff AQUALOK™-™- 


Weather-sealed round connector— Coax Feed-Thru 


— all coax or in combination Miniature and standard connector 
with single conductors. (above) and splice (below). All 


7 plastic shells — lightweight, dura- 
ble, impact resistant. 
Type MB-X Coax 
“ Bantam HYFEN 


in mini ° 
— rectenguter oon Connectors for standard and mini- 
ature coax—either all coax or in 
combination with single con- 
ductors. 


Coax MODULOK® Type PD-X Type ME-X 


Modular terminal block with spring- Modular HYFEN inserts for all Rack and panel HYFEN series— 
loaded removable contacts. standard or miniature coax or in features one piece shell, one piece 
combination with inserts for sin- inserts. 
gie conductors. 


Burndy’s coax contacts, for both miniature and standard coax cable 


feature crimped 
inner and outer contacts, which provide a more reliable 


connection, faster and easier 
High speed production tooling results in low installed cost—crimps contacts in any cir 


cumferential position. Few parts simplify installation. No heat to damage insulation 


eg i 


re os 


For further information write OMATON DIVISION 


td. Prescot. Lancs., England Europe: Antwerp, Belgiur 


NORWALK, CONNECT 


F - p 
i} BURNDY 


TORONTO, CANADA 


Circle 102 on Inquiry Cerd Circle 103 on Inquiry Card > 
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NEW DIMENSIONS 


A WIDE VARIETY OF BORES anDb STACK HEIGHTS, widths and diameters 


available from existing laminations. Below are some examples. Let us know your needs. 


lu ae ooee e 
10000 -.0000 


+.0000 


4375 0000 0 


+.0000 
2.6873 ~.0005 D 


- 


ENGINEERS—Pioneer with a leader in the field. Write David D. Brown, Director of Personnel. Dept. A3 
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